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ABSTRACT 



A novel class of compounds, known as peptide nucleic 
acids, bind complementary ssDNA and RNA strands more 
strongly than a corresponding DNA. The peptide nucleic 
acids generally comprise ligands such as naturally occurring 
DNA bases attached to a peptide backbone through a suit- 
able linker. 
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PEPTIDE NUCLEIC ACIDS 



RELATED APPLICATION 

This patent application is a continuation-in-part of appli- 
cation PCT EP92/01219, filed May 22, 1992. The entire 
contents of this application, which published Nov. 26, 1992 
as WO 92/20702, is incorporated herein by reference. 



FIELD OF THE INVENTION 

This invention is directed to compounds that are not 
polynucleotides yet which bind to complementary DNA and 
RNA strands. In particular, the invention concerns com- 15 
pounds wherein naturally-occurring nucleobases or other 
nucleobase-binding moieties are covalently bound to a 
polyamide backbone. 



BACKGROUND OF THE INVENTION 
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Oligodeoxyribonucleotides as long as 100 base pairs (bp) 
are routinely synthesized by solid phase methods using 
commercially available, fully automatic synthesis machines. 
The chemical synthesis of oligoribonucleotides, however, is 25 
far less routine. Oligoribonucleotides also are much less 
stable than oligodeoxyribonucleotides, a fact which has 
contributed to the more prevalent use of oligodeoxyribo- 
nucleotides in medical and biological research directed to, 
for example, gene therapy or the regulation of transcription 30 
or translation. 

The function of a gene starts by transcription of its 
information to a messenger RNA (mRNA) which, by inter- 
action with the ribosomal complex, directs the synthesis of 35 
a protein coded for by its sequence. The synthetic process is 
known as translation. Translation requires the presence of 
various co-factors and building blocks, the amino acids, and 
their transfer RNAs (tRNA), all of which are present in 
normal cells. 

40 

Transcription initiation requires specific recognition of a 
promoter DNA sequence by the RNA-synthesizing enzyme, 
RNA polymerase. In many cases in prokaryotic cells, and 
probably in all cases in eukaryotic cells, this recognition is 
preceded by sequence-specific binding of a protein tran- 45 
scription factor to the promoter. Other proteins which bind 
to the promoter, but whose binding prohibits action of RNA 
polymerase, are known as repressors. Thus, gene activation 
typically is regulated positively by transcription factors and 
negatively by repressors. 50 

Most conventional drugs function by interaction with and 
modulation of one or more targeted endogenous proteins, 
e.g., enzymes. Such drugs, however, typically are not spe- 
cific for targeted proteins but interact with other proteins as 
well. Thus, a relatively large dose of drug must be used to 55 
effectively modulate a targeted protein. Typical daily doses 
of drugs are from 10~ 5 — 10" 1 millimoles per kilogram of 
body weight or 10~ 3 — 10 millimoles for a 100 kilogram 
person. If this modulation instead could be effected by 
interaction with and inactivalion of mRNA, a dramatic 60 
reduction in the necessary amount of drug necessary could 
likely be achieved, along with a corresponding reduction in 
side effects. Further reductions could be effected if such 
interaction could be rendered site- specific. Given that a 
functioning gene continually produces mRNA, it would thus 65 
be even more advantageous if gene transcription could be 
arrested in its entirety. 



Oligodeoxynucleolides offer such opportunities. For 
example, synthetic oligodeoxynucleotides could be used as 
antisense probes to block and eventually lead to the break- 
down of mRNA. Thus, synthetic DNA could suppress 
translation in vivo. It also may be possible to modulate the 
genome of an animal by, for example, triple helix formation 
using oligonucleotides or other DNA recognizing agents. 
However, there are a number of drawbacks associated with 
triple helix formation. For example, it can only be used for 
homopurine sequences and it requires unphysiologically 
high ionic strength and low pH. 

Furthermore, unmodified oligonucleotides are unpractical 
both in the antisense approach and in the triple helix 
approach because they have short in vivo half-lives, they are 
difficult to prepare in more than milligram quantities and, 
thus, are prohibitively costly, and they are poor cell mem- 
brane penetrators. 

These problems have resulted in an extensive search for 
improvements and alternatives. For example, the problems 
arising in connection with double-stranded DNA (dsDNA) 
recognition through triple helix formation have been dimin- 
ished by a clever "switch back" chemical linking whereby a 
sequence of polypurine on one strand is recognized, and by 
"switching back", a homopurine sequence on the other 
strand can be recognized. See, e.g., McCurdy, Moulds, and 
Froehler, Nucleosides and Nucleotides 1991, 10, 287. Also, 
good helix formation has been obtained by using artificial 
bases, thereby improving binding conditions with regard to 
ionic strength and pH. 

In order to improve half life as well as membrane pen- 
etration, a large number of variations in polynucleotide 
backbones has been undertaken, although so far not with the 
desired results. These variations include the use of meth- 
ylphosphonates, monothiophosphates, dithiophosphates, 
phosphoramidates, phosphate esters, bridged phosphoroa- 
midates, bridged phosphorolhioates, bridged methyl ene- 
phosphonates, dephospho internucleotide analogs with 
siloxane bridges, carbonate bridges, carboxy methyl ester 
bridges, acetamide bridges, carbamate bridges, thioether, 
sulfoxy, sulfono bridges, various "plastic" DNAs, a-ano- 
meric bridges, and borane derivatives. 

The great majority of these backbone modifications led to 
decreased stability for hybrids formed between the modified 
oligonucleotide and its complementary native oligonucle- 
otide, as assayed by measuring T m values. Consequently, it 
is generally understood in the art that backbone modifica- 
tions destabilize such hybrids, i.e., result in lower T m values, 
and should be kept to a minimum. 

OBJECTS OF THE INVENTION 

It is one object of the present invention to provide 
compounds that bind ssDNA and RNA strands to form stable 
hybrids therewith. 

It is a further object of the invention to provide com- 
pounds that bind ssDNA and RNA strands. 

It is another object to provide compounds wherein natu- 
rally-occurring nucleobases or other nucleobase-binding 
moieties are covalently bound to a peptide backbone. 

It is yet another object to provide compounds other than 
RNA that can bind one strand of a double-stranded poly- 
nucleotide, thereby displacing the other strand. 

It is still another object to provide therapeutic, diagnostic, 
and prophylactic methods that employ such compounds. 

SUMMARY OF THE INVENTION 

The present invention provides a novel class of com- 
pounds, known as peptide nucleic acids (PNAs), that bind 
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complementary ssDNA and RNA strands. The compounds 
of the invention generally comprise ligands linked to a 
peptide backbone. Representative ligands include either the 
four main naturally occurring DNA bases (i.e., thymine, 
cytosine, adenine or guanine) or other naturally occurring 
nucleobases (e.g., inosine, uracil, 5-methylcytosine or thiou- 
racil) or artificial bases (e.g., bromothymine, azaadehines or 
azaguanines, etc.) attached to a peptide backbone through a 
suitable linker. 

In WO 92/20702, we described PNAs wherein such 
ligands are linked to a poly amide backbone solely through 
aza nitrogen atoms. The PNAs of the invention differ from 
those disclosed in WO 92/20702 principally in that their 
recognition moieties are linked to the polyamide backbone 
additionally through amido and/or ureido tethers. 

In certain preferred embodiments, the peptide nucleic 
acids of the invention have the general formula (I): 



(b) A is a group of formula (lid) and B is CH; 
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wherein: 
n is at least 2, 

each of L ! -L" is independently selected from the group 
consisting of hydrogen, hydroxy, (C^-CJaJkanoyl, naturally 
occurring nucleobases, non-naturally occurring nucleo- 
bases, aromatic moieties, DNA intercalators, nucleobase- 
binding groups, heterocyclic moieties, and reporter ligands, 
at least one of U~L n being a naturally occurring nucleobase, 
a non-naturally occurring nucleobase, a DNA intercalator, or 
a nucieobase-binding group; 

each of C^-C is (CR 6 R 7 ) y where R 6 is hydrogen and R 7 
is selected from the group consisting of the side chains of 
naturally occurring alpha amino acids, or R 6 and R 7 are 
independently selected from the group consisting of hydro- 
gen, (C 2 -Cg)alkyl, aryl, aralkyl, heteroaryl, hydroxy, 
(Cj-CJalkoxy, (C, -Chalky lthio, NR 3 R 4 and SR 5 , where 
R 3 and R" are as defined above, and R 5 is hydrogen, 
(C!-C 6 )alkyl, hydroxy-, alkoxy-, or alkylthio- substituted 
(C^-CJalkyl, or R 6 and R 7 taken together complete an 
alicyclic or heterocyclic system; 

each of D l -D? is (CR 6 R 7 ) S where R 6 and R 7 are as defined 
above; 

each of y and z is zero or an integer from 1 to 10, the sum 
y+z being greater than 2 but not more than 10; 

each of G ! -G"" ! is — NR 3 CO— , — NR 3 CS— , 
— NR 3 SO— or — NR 3 S0 2 — , in either orientation, where 
R 3 is as defined above; 

each pair of A 1 - A" and B'-B" are selected such that: 

(a) A is a group of formula (Ha), (lib) or (He) and B is N 
or R 3 N + ; or 
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where 

X is O, S, Se, NR 3 , CH 2 or C(CH 3 ) 2 ; 

Y is a single bond, O, S or NR 4 ; 

each of p and q is zero or an integer from 1 to 5, the sum 
p+q being not more than 10; 

each of r and s is zero or an integer from 1 to 5, the sum 
r+s being not more than 10; 

each R 1 and R 2 is independently selected from the group 
consisting of hydrogen, (C 1 -C 4 )alkyl which may be 
hydroxy- or alkoxy- or alkylthio-substituted, hydroxy, 
alkoxy, alkylthio, amino and halogen; 



each of G 1 ^"" 1 



is — NR 3 CQ— , — NR 3 CS— , 



— NR 3 SO— or — NR 3 S0 2 , in either orientation, where R 3 
is as defined above; 

Q is — C0 2 H, — CONR'R", — S0 3 H or — S0 2 N'RR n or 
an activated derivative of — C0 2 H or — S0 3 H; and 

I is — NHR'"R"" or — NR"'C(0)R'"\ where R\ R", R"' 
and R"" are independently selected from the group consist- 
ing of hydrogen, alkyl, amino protecting groups, reporter 
ligands, intercalators, chelators, peptides, proteins, carbohy- 
drates, lipids, steroids, oligonucleotides and soluble and 
non-soluble polymers. 

In certain embodiments, at least one A is a group^ of 
formula (He) and B is N or R 3 N + In other embodiments, A 
is a group of formula (Ila) or (lib), B is N or R 3 N + , and at 
least one of y or z is not 1 or 2. 

Preferred peptide nucleic acids have general formula 
(Ilia) or (IITb): 
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wherein: 

each L is independently selected from the group consist- 
ing of hydrogen, phenyl, heterocyclic moieties, naturally 
occurring nucleobases, and non-naturally occurring nuclco- 
bases; 

each R 7 is independently selected from the group con- 
sisting of hydrogen and the side chains of naturally occur- 
ring alpha amino acids; 

n is an integer from 1 to 60; 

each of k, 1, and m is independently zero or an integer 
from 1 to 5; 
p is zero or 1; 

R* is OH, NH 2 or — NHLysNH 2 ; and 

RMsHorCOCH 3 . 
Particularly preferred are compounds having formula (Ilia) 
or (Illb) wherein each L is independently selected from the 
group consisting of the nucleobases thymine (T), adenine 
(A), cytosine (C), guanine (G) and uracil (U), k and m are 
zero or 1, and n is an integer from 1 to 30, in particular from 
4 to 20. 

The peptide nucleic acids of the invention are synthesized 
by adaptation of standard peptide synthesis procedures, 
either in solution or on a solid phase. The synthons used are 
specially monomer amino acids or their activated deriva- 35 
tives, protected by standard protecting groups. The oligo- 
nucleotide analogs also can be synthesized by using the 
corresponding diacids and diamines. 

Thus, the novel monomer synthons according to the 
invention are selected from the group consisting of amino 
acids, diacids and diamines having general formulae: 
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Preferred monomer synthons according to the invention 
have formula (VIIIa)-(VIIIc): 



(VI) 



wherein L, A, B, C and D are as defined above, except that 
any amino groups therein may be protected by amino 
protecting groups; E is COOH, CSOH, SOOH, S0 2 OH or an 
activated derivative thereof; and F is NHR 3 or NPgR 3 , 
where R 3 is as defined above and Pg is an amino protecting 
group. 
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or amino-protected and/or acid terminal activated deriva- 
tives thereof, wherein L is selected from the group consisting 
of hydrogen, phenyl, heterocyclic moieties, naturally occur- 
ring nucleobases, and non-naturally occurring nucleobases; 
and R 7 is selected from the group consisting of hydrogen 
and the side chains of naturally occurring alpha amino acids. 

Unexpectedly, these compounds also are able to recognize 
duplex DNA by displacing one strand, thereby presumably 
generating a double helix with the other one. Such recog- 
nition can take place to dsDNA sequences 5-60 base pairs 
long. Sequences between 10 and 20 bases are of interest 
since this is the range within which unique DNA sequences 
of prokaryotes and eukaryotes are found. Reagents which 
recognize 37-18 bases are of particular interest since this is 
the length of unique sequences in the human genome. The 
compounds of the invention are able to form triple helices 
with dsDNA and double helices with RNA or ssDNA. The 
compounds of the invention also are able to form triple 
helices wherein a first PNA strand binds with RNA or 
ssDNA and a second PNA strand binds with the resulting 
double helix or with the first PNA strand. 

Whereas the improved binding of the compounds of the 
invention should render them efficient as antisense agents, it 
is expected that an extended range of related reagents may 
cause strand displacement, now that this surprising and 
unexpected new behavior of dsDNA has been discovered. 

Thus, in one aspect, the present invention provides meth- 
ods for inhibiting the expression of particular genes in the 
cells of an organism, comprising administering to said 
organism a reagent as defined above which binds specifi- 
cally to sequences of said genes. 
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Further, the invention provides methods for inhibiting 
transcription and/or replication of particular genes or for 
inducing degradation of particular regions of double 
stranded DNA in cells of an organism by administering to 
said organism a reagent as defined above. 5. 

Still further, the invention provides methods for killing 
cells or virus by contacting said cells or virus with a reagent 
as defined above which binds specifically to sequences of 
the genome of said cells or virus. 
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FIG. 14 shows the direction of synthesis for a peptide 
nucleic acid according to the invention. 

FIG. 15 provides a test for the tosyl group as a nitrogen 
protecting group in the synthesis of peptide nucleic acids. 

FIG. 16 provides examples of PNA backbone alerations. 

FIG. 17 provides a procedure for synthesis of a propionyl 
analogue of thymine monomer synthon. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 provides a general scheme for solid-phase PNA 
synthesis illustrating the preparation of linear unprotected 15 
PNA amides. 

FIG, 2 provides a procedure for the synthesis of protected 
PNA synthons. 

FIG. 3 provides a procedure for the synthesis of protected 
adenine monomer synthon. 20 

FIG. 4 provides a procedure for the synthesis of protected 
guanine monomer synthon. 

FIG. 5 provides a procedure for the synthesis of thymine 
monomer synthons with side chains corresponding 10 nor- 
mal amino acids. 25 

FIG. 6 provides a procedure for synthesis of an amino- 
propyl analogue of thymine monomer synthon. 

FIG. 7 shows analytical HPLC chromatograms of: (A) 
purified H-[Taeg] 10 -Lys-NH2 and (B) purified H-[Tfceg] 5 - 30 
Caeg-[Taeg] 4 -Lys-NH 2 . Buffer A, 5% CH 3 CN/95% H 2 0/ 
0.0445% TFA; buffer B, 60% CH 3 CN/40% H 2 O/0.0390% 
TFA; linear gradient, 0-100% of B in 30 minutes; flow rate, 
1.2 ml/min; columa Vydac C 18 (5 um, 0.46x25 cm). 

FIGS. 8A and 8B show binding of AcrTlO-Lys to dA 10 . 35 
5'— 32 P-labeled oligonucleotide (1) (5'-GATCCA l0 G) was 
incubated in the absence or presence of Acr-TlO-LysNl^ 
and in the absence or presence of oligonucleotide (2) (5- 
GATCCTi 0 G) and the samples were analyzed by polyacry- 
1 amide gel electrophoresis (PAGE) and autoradiography 40 
under "native conditions'* (FIG. 8a) and "denaturing condi- 
tions" (FIG. 8fc). 

FIG. 9A, 9B and 9C show chemical, photochemical and 
enzymatic probing of dsDNA-Acr-T10-LysNH 2 complex. 
Complexes between Acr-T10-LysNH 2 and a 32 P-endlabeled « 
DNA fragment containing a dA 10 /T 10 target sequence were 
probed by affinity photocleavage (FIG. 9a, lanes 1-3; FIG. 
9b, lanes 1-3), photofootprinting (FIG, 9a, lanes 5-6), 
potassium permanganate probing (HG. 9b, lanes 4-6) or 
probing by staphylococcus nuclease (FIG. 9b, lanes 8- 1 0) or 50 
by nuclease S, (FIG. 9c). Either the A-strand (FIG. 9a) or the 
T-strand (FIG. 9b,c) was probed. 

FIG. 10 shows a PAGE autoradiograph demonstrating the 
PNAs-T 10 , — T 9 C and — T 8 C 2 bind to double stranded DNA 
with high sequence specificity. 

FIG. 11 shows an electrophoretic gel staining demonstrat- 
ing that restriction enzyme activity towards DNA is inhib- 
ited when PNA is bound proximal to the restriction enzyme 
recognition site. 

FIG. 12 shows a graph based on densitometric scanning 
of PAG autoradiographs demonstrating the kinetics of the 
binding of PNA-T 10 to a double stranded target 

FIG. 13 shows a graph based on densitometric scanning 
of PAGE autoradiographs demonstrating the thermal stabili- 65 
ties of PNAs of varying lengths bound to an A 1( /T l0 double 
stranded DNA target. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

In the oligonucleotide analogs and monomer synthons 
according to the invention, ligand L is primarily a naturally 
occurring nucleobase attached at the position found in 
nature, i.e., position 9 for adenine or guanine, and position 
1 for thymine or cylosine. Alternatively, L may be a non- 
naturally occurring nucleobase (nucleobase analog), another 
base- binding moiety, an aromatic moiety, (Cj-CJalkanoyl, 
hydroxy or even hydrogen. It will be understood that the 
terra nucleobase includes nucleobases bearing removable 
protecting groups. Some typical nucleobase ligands and 
illustrative synthetic ligands are shown in FIG. 2 of WO 
92/20702. Furthermore, L can be a DNA intercalator, a 
reporter ligand such as, for example, a fluorophor, radio 
label, spin label, hapten, or a protein-recognizing ligand 
such as biotin. In monomer synthons, L may be blocked with 
protecting groups, as illustrated in FIG. 4 of WO 92/20702. 

Linker A can be a wide variety of groups such as 
— CR'R^O— , _ CR'R^S— , — CR'R^Se— , 
— CR 1 R*CNHR 3 — , — CR'R^C^— and 
— CR , R a C=C(CH 3 ) a — , where R\ R 2 and R 3 are as 
defined above. Preferably, A is methylenecarbonyl 
(— CH,CO— ), amido (— CONR 3 — ), or ureido 
(— NR CONR 3 —). Also, A can be a longer chain moiety 
such as propanoyl, butanoyl or pentanoyl, or corresponding 
derivative, wherein O is replaced by another value of X or 
the chain is substituted with R ] R 2 or is heterogenous, 
containing Y. Further, A can be a (C^-CJalkylene chain, a 
(Cj-CJalkylene chain substituted with R ] R 2 or can be 
heterogenous, containing Y. In certain cases, A can just be a 
single bond. 

In one preferred form of the invention, B is a nitrogen 
atom, thereby presenting the possibility of an achiral back- 
bone. B can also be R 3 N + , where R 3 is as defined above, or 
CH. 

In the preferred form of the invention, C is — CR 6 R 7 — , 
but can also be a two carbon unit, i.e. — CHR 6 CHR 7 — or 
— CR 6 R 7 CH 2 — , where R ft and R 7 are as defined above. R 6 
and R 7 also can be, a heteroaryl group such as, for example, 
pyrrolyl, fury], thienyl, imidazolyl, pyridyl, pyrimidinyl, 
indolyl, or can be taken together to complete an alicyclic 
system such as, for example, 1,2-cyclobutanediyl, 1,2-cy- 
clopentanediyl or 1,2-cyclohexanediyl. 

In the preferred form of the invention, E in the monomer 
synthon is COOH or an activated derivative thereof, and G 
in the oligomer is —CONR 3 —. As defined above, E may 
also be CSOH, SOOH, S0 2 OH or an activated derivative 
thereof, whereby G in the oligomer becomes — CSNR 3 — , 
— SONR 3 — and — S0 2 NR 3 — respectively. The activation 
may, for example, be achieved using an acid anhydride or an 
active ester derivative, wherein hydrogen in the groups 
represented by E is replaced by a leaving group suited for 
generating the growing backbone. 

The amino acids which form the backbone may be 
identical or different. We have found that those based on 
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2-aminoethylglycine are especially well suited to the pur- 
pose of the invention,. 

In some cases it may be of interest to attach ligands at 
either terminus (Q, I) to modulate the binding characteristics 
of the PNAs. Representative ligands include DNA interca- 5 
lators which will improve dsDNA binding or basic groups, 
such as lysine or polylysine, which will strengthen the 
binding of PNA due to electrostatic interaction. To decrease 
negatively charged groups such as carboxy and sulfo groups 
could be used. The design of the synthons further allows 10 
such other moieties to be located on non-terminal positions. 

In a further aspect of the invention, the PNA oligomers are 
conjugated to low molecular effector ligands such as ligands 
having nuclease activity or alkylating activity or reporter 
ligands (fluorescent, spin labels, radioactive, protein recog- is 
nition ligands, for example, biotin or haptens). In a further 
aspect of the invention, the PNAs are conjugated to peptides 
or proteins, where the peptides have signaling activity and 
the proteins are, for example, enzymes, transcription factors 
or antibodies. Also, the PNAs can be attached to water- 20 
soluble or water-insoluble polymers. In another aspect of the 
invention, the PNAs are conjugated to oligonucleotides or 
carbohydrates. When warranted, a PNA oligomer can be 
synthesized onto some moiety (e.g., a peptide chain, 
reporter, intercalator or other type of ligand-containing 25 
group) attached to a solid support. 

Such conjugates can be used for gene modulation (e.g., 
gene targeted drugs), for diagnostics, for biotechnology, and 
for scientific purposes. 

As a further aspect of the invention, PNAs can be used to 30 
target RNA and ssDNA to produce both antisense-type gene 
regulating moieties and hybridization probes for the identi- 
fication and purification of nucleic acids. Furthermore, the 
PNAs can be modified in such a way that they can form 
triple helices with dsDNA. Reagents that bind sequence- 35 
specifically to dsDNA have applications as gene targeted 
drugs. These are foreseen as extremely useful drugs for 
treating diseases like cancer, AIDS and other virus infec- 
tions, and may also prove effective for treatment of some 
genetic diseases. Furthermore, these reagents may be used 40 
for research and in diagnostics for detection and isolation of 
specific nucleic acids. 

The triple helix principle is believed to be the only known 
principle in the art for sequence-specific recognition of 45 
dsDNA. However, triple helix formation is largely limited to 
recognition of homopurine-homopyrimidine sequences. 
Strand displacement is superior to triple helix recognition in 
that it allows for recognition of any sequence by use of the 
four natural bases. Also, in strand displacement recognition 
readily occurs at physiological conditions, that is, neutral 
pH, ambient (20-40 C.) temperature and medium (100-150 
mM) ionic strength. 

Gene targeted drugs are designed with a nucieobase 
sequence (containing 10-20 units) complementary to the 55 
regulatory region (the promoter) of the target gene. There- 
fore, upon administration of the drug, it binds to the pro- 
moter and blocks access thereto by RNA polymerase. Con- 
sequently, no mRNA, and thus no gene product (protein), is 
produced. If the target is within a vital gene for a virus, no 60 
viable virus particles will be produced. Alternatively, the 
target could be downstream from the promoter, causing the 
RNA polymerase to terminate at this position, thus forming 
a truncated mRNA/protein which is nonfunctional. 

Sequence-specific recognition of ssDNA by base comple- 65 
mentary hybridization can likewise be exploited to target 
specific genes and viruses. In this case, the target sequence 
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is contained in the mRNA such that binding of the drug to 
the target hinders the action of ribosomes and, consequently, 
translation of the mRNA into protein. The peptide nucleic 
acids of the invention are superior lo prior reagents in that 
they have significantly higher affinity for complementary 
ssDNA. Also, they possess no charge and are water soluble, 
which should facilitate cellular uptake, and they contain 
amides of non-biological amino acids, which should make 
them biostable and resistant to enzymatic degradation by, for 
example, proteases. 

It is believed that PNA oligomers according to the inven- 
tion exhibit biochemical/biological properties similar to 
those disclosed in WO 92/20702, and that such properties 
can be determined by similar means, It also is believed that 
the PNAs of the invention can be synthesized by similar 
methodology. Monomer synthons according to the invention 
are coupled using the standard protocols to give the desired 
oligomeric sequences. 

One monomer synthon according to the invention is 
prepared by reacting glycinamide hydrochloride 1 with ethyl 
acrylate in the presence of an acid scavenging base to give 
the Michael adduct, N-carboxamidomethyl-p-aJanine ethyl 
ester 2. The adduct 2 is condensed with 1 -carboxy methyl 
thymine 3 using diisopropylcarbodiimide and hydroxyben- 
zotriazole to give (N-carboxamidomethyl>N-(l-(aiymin-l- 
yl)acetyl)-|}-alanine ethyl ester 4. The primary amide of 4 is 
oxidized and rearranged to the Boc-protected amine with 
sodium hypobromite in t-butanol to provide (N-t-butyloxy- 
carbonylaminomethyl)-N-(l-(thymin-l-yl)acetyl)-P-alanine 
• ethyl ester 5. The ethyl ester is hydrolyzed with aqueous 
base to provide the thymine-based monomer, (N-t-butyloxy- 
carrxmylammomethyl)^ 

6. This reaction sequence is followed to prepare the corre- 
sponding C, G, and A -based monomers, namely, N-(t- 
but>'loxycarbonylaminomethyl)-N-(l-(N 4 -benzyloxycarbo- 
nyl-cy tosin- l-yl)acetyl)-3-alanine, N-(t-butyloxycarbonyl- 
aminomethyl-N-( 1 -(2-amino-6-benzy loxy-purin-9- 
yl)acetyl)-fj-alanine, N-(t-butyloxycarbonylaminomethyl)- 
N-(l-(N 6 -benzyloxycarbonyl-adenine-9-yl)acetyl)-P- 
alanine. 

A further monomer synthon is prepared by reacting 

1- aminothymine with triphosgene to give the carbamoyl 
chloride derivative, 8, which is condensed with N-(2-t- 
butyloxycarbonylaininoethyOglycine ethyl ester and an acid 
scavenger to yield the fully protected monomer, 9. The ester 
is hydrolyzed to give the useful monomer, 10. This reaction 
sequence is followed to prepare the corresponding C, G, and 
A-based monomers, namely, N-(t-butyloxycarbonylamino- 
ethyl)-N-( 1 -N 4 - benzyloxycarbonyl-cytosm4-yl)arninocar- 
bonyl)-glycine, N-(t-butyloxycarbonylaminoethyl)-N-(l -(2- 
arm^o-6-benzyloxy-purin-9-yl)arninocarbonyl)-glycine t 
N-(t-butyloxycarbonyl-amino ethyl)-N-(l-(N 6 -benzyloxy- 
carbonyl-adenine-9-yl)arainocarbonyl)-glycine. 

A further monomer synthon is prepared by converting 

2- hydroxy-5-(t-butyloxycarbonyIarnino)pentanoic acid 
ethyl ester to its azido analog via the use of diphenyl 
phosphoryl azide, DEAD, and triphenylphosphine generally 
by the procedure described in Tetrahedron Letters, (1977), p. 
1977. The azido compound, 12, was converted to the imi- 
nophosphorane, 13, and used immediately in a high pressure 
reaction with carbon dioxide to convert it into isocyanate, 
14. The isocyanate is condensed with thymine to give the 
fully protected monomer, 15, which is hydrolyzed to the 
actual monomer, 16, using hydroxide. This reaction 
sequence is followed to prepare the corresponding C, G, and 
A-based monomers, namely, 5-(t-butyloxycarbonylamino)- 
2-((N 4 -benzyloxycarbonyl-cy tosin- 1 -yl)carbonylamino- 



5,539,082 



11 



pentanoic acid ethyl ester, 5-(t-butyloxycarbonylamino-2- 
((2-amino-6-benzyloxy-purin-9-yl)carbonylamino)- 
pentanoic acid ethyl ester, 5.(t-butyloxycarbonylamino)-2- 
((N^-benzyloxycarrxtnyl-adenine^-yOcarbonylamino)- 
pentanbic acid ethyl ester. 5 

Additional objects, advantages, and novel features of this 
invention will become apparent to those skilled in the art 
upon examination of the following examples thereof, which 
are not intended to be limiting. 

10 

EXAMPLE 1 

N-carboxamidomethyl-p-aJanine ethyl ester, 2 

Glycinajnide hydrochloride (1, 11.0 g ( 0.10 mol) is sus- 15 
pended in 500 mL of dioxane and diisopropylethylamine 
(12.9 g, 0.10 mol) is added and the mixture cooled to 0° C. 
With stirring ethyl acrylate (10.0 g, 0.10 mol) is added 
dropwise over 15 minutes. After the addition is complete the 
reaction is allowed to warm to room temperature and stir for 20 
12 hours. The reaction mixture is diluted with water 1.5 L 
and the pH adjusted to 4. The solution is extracted with 
diethyl ether (3x300 mL). The aqueous layer is neutralized 
with sodium hydroxide and extracted 5 times with dichlo- 
romethane. The dichloromethane extracts are combined, 25 
dried (Na 2 S0 4 ), and the solvent removed to give a solid. 
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EXAMPLE 2 

(N-carboxamidomethy l)-N-( 1 -(thymin- 
l-yl)acetyl)-|5-alanine ethyl ester, 4 

The product from Example 1, 2, is dissolved in dichlo- 
romethane (500 mL) and to this is added 1-carboxymethyl 
thymine (3, 15.5 g, 0.1 mol), hydroxybenzoiriazole (13.5 g, 
0. 1 mol) and the solution is cooled to 0° G in an ice bath. 
Diisopropylcarbodiimide (12.6 g, 0.1 mol) dissolved in 50 
mL of dichloromethane is added in one portion and the 
reaction is stirred for 12 hours. The suspended solids are 
removed by filtration and washed with dichloromethane. 
The solution is evaporated to a solid and the desired product, 
4, is obtained after chromatography on silica gel using 
dichloromethane/ethanol as eluenL 

EXAMPLE 3 

(N-t-butyloxycarbonylanunomethyl)-N~(l - 
(thymin-l-yl)acetyl)-p-alanine ethyl ester, 5 

The product from Example 2, 4, is dissolved t-butanol/ 50 
dioxane (4:1, 500 mL), cooled to 0° G, and sodium hypo- 
bromite solution (0.15 mol) is added After 6 hours the 
reaction mixture is evaporated to remove volatile solvents 
and the residue is diluted with water (500 mL) and extracted 
(5x200 mL) with dichloromethane. Hie extracts are com- 55 
bined, dried, and evaporated to a solid. 
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EXAMPLE 4 

(N-t-butyIoxycarbonylaminomethyl>N-(l- 
(thymin-l-yl)acetyl)-P-alanine, 6 

The product from Example 3, 5, is dissolved in ethanol 
(500 mL) and 5M sodium hydroxide (20 mL) is added. The 
solution is stirred for 6 hours, then neutralized with 5N 
hydrochloric acid (20 mL) and the solution evaporated to a 
solid. This solid is recrystallized to give the title compound. 
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l-(Chlorocarbonylamino)-thymine, 8 

1 - Amino thymine (7, 12.5 g, 0.1 mol) is dissolved in 
tetrahydrofuran (500 mL) and the solution is cooled to 0° C. 
and a 2M solution of triphosgene in THF (150 mL) is added 
and the reaction is stirred for 4 hours. The solution is 
evaporated to a solid, which is used as is in the next reaction. 

EXAMPLE 6 

N-(2-t-ButyIoxycarbonylaminoethyl)-N-(thymin- 
l-yl-amino-carbonyl)g]ycine ethyl ester, 9 

The product from Example 5, 8, is dissolved in THF (500 
mL) and diisopropylethylamine (12.9 g, 0.1 mol) is added, 
followed by N-(2-t-butyIoxycarbonylaminoethy])glycine 
ethyl ester (24.6 g, 0.1 mol) and the solution stirred for 12 
hours. The reaction is diluted with 1000 mL of diethyl ether 
and extracted 3 times with 0.1N HC1 solution. The organic 
layer is washed with diluted sodium bicarbonate solution, 
dried, filtered and evaporated to give a solid. 

EXAMPLE 7 

N-(24-ButyloxycarbonyIarninoethyl)-N-(thymin- 
l-yl-amino-carbonyl)glycine, 10 

The product from Example 6\ 9, is dissolved in ethanol 
(500 mL) and 2M sodium hydroxide (50 mL) is added. The • 
reaction is stirred for 6 hours, then neutralized with 50 mL 
of 2M HC1 solution, and evaporated to remove the ethanoK 
The residue is dissolved in dichloromethane (250 mL) and 
is extracted with water (2x50 mL), dried, filtered, and 
evaporated to a solid. 

EXAMPLE 8 

2- Azido-5-(t-butyloxycarbonylainino)pentanoic acid 

ethyl ester, 12 

2-Hydroxy-5-(t-butyloxyc^rbonylarnino)pentanoic acid 
ethyl ester, (11, 26.1 g, 0.1 mol), triphenylphosphine (26.2 g, 
0.10 mol), diethylazodicarboxylate (17.4 g, 0.1 mol), and 
diphenylphosphorylazide (27.5 g, 0.1 mol) is dissolved in 
THF (500 mL) and heated to reflux and maintained there for 
8 hours. The reaction is cooled to room temperature, evapo- 
rated to an oil, and the product isolated by column chroma- 
tography using dichloromethane:ethanol as eluent 

EXAMPLE 9 

2 -Iminotriphenylphosphoranyl-5-(t- 
butyloxycarbonylamino)pentanoic acid ethyl ester, 
13 

The product, 12, from Example 8 is dissolved in THF and 
triphenylphosphine (26.2 g, 0.1 mol) is added and the 
reaction is stirred for 4 hours. This solution is used as is for 
the next reaction (Example 10). 

EXAMPLE 10 

2-Isocyanato-5-(t-butyloxycarbonylamino)pentanoic 
acid ethyl ester, 14 

The reaction solution from Example 9 is placed in a Parr® 
bomb and carbon dioxide (22 g, 0.5 mol) is condensed into 
the bomb. The bomb is sealed and heated to 50° C. for 12 
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hours. The bomb is cooled and vented to atmospheric 
pressure. The solution is transferred from the bomb to a flask 
and used as is in the next reaction (Example 11). 

EXAMPLE 11 

2-(Thy min- 1 -y lcarbonylamino)-5-(t- 
buLyIoxycarbonylamino)pentanoic acid ethyl ester, 

The reaction solution from Example 10 is placed in a flask 
and to this is added thymine (12.6 g, 0.1 mol). The resulting 
solution is allowed to stir for 12 hours, then is evaporated to 
a solid, which is purified by column chromatography using 
dichlorrnethane:ethanol as the eluem. 

EXAMPLE 12 

2-(Thymin- 1 -ylcarbonylamino)-5-(t- 
butyloxycarbonyl-amino)pentanoic acid, 16 
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reaction mixture was stirred overnight at room temperature. 
Subsequently, ethyl acetate (750 ml) was added to the 
reaction mixture followed by cooling to 0° C and the pH 
was adjusted to 2.5 with 4N sulfuric acid with vigorous 
stirring. The phases were separated. The water phase was 
washed with additional ethyl acetate (6x350 ml). The vol- 
ume of the organic phase was reduced to 900 ml by 
evaporation under reduced pressure and washed with a 
saturated aqueous solution of potassium hydrogen sulfate 
diluted to twice its volume (1x1000 ml) and with saturated 
aqueous sodium chloride (1x500 ml). The organic phase was 
dried (MgS0 4 ) and evaporated under reduced pressure to 
yield 50.12 9 (60%) of the title compound. The product 
could be solidified by evaporation from methylene chloride 
and subsequent freezing. 'H-NMR (CDC1 3 /TMS): 5=1 43 
(s. 9H, Me^C), 3.25 (m, 2H, CH 2 ), 3.57 (m, 2H, CH 2 ), 3.73 
(m, 1H, CH). 13 C-NMR (CDCI 3 /TMS): 5=28.2 (Me 3 C), 
42.6 (CHJ, 63.5, 71.1 (CH 2 0H, CHOH), 79.5 (Me 3 C), 
157.0 (0=0). 3 
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The product from Example 11, 15, is dissolved in ethanol 
(500 mL) and to this added 2M sodium hydroxide (50 mL) 
and the reaction stirred for 12 hours. The reaction is neu- 
tralized with 2M HC1 solution (50 mL) and evaporated to a 
small volume. This residue is diluted with water (250 mL) 25 
and extracted with dichloromethane (4x100 mL), dried, 
filtered, and evaporated to give a solid. 



EXAMPLE 13 

1 -(2(-Thyminy l)acetyl)- 1 -(2- 
(tBoc-aminopropyD)glycine, 17 
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1,3-Diarninopropane (0,05 mmol) was dissolved in THF 
(100 mL) and chloroacetic acid (0.045 mmol) was added and 
the reaction heated at reflux for 4 hours and cooled to room 35 
temperature. The solution was diluted with diethyl ether 
(500 mL) and extracted 3 times with IN NaOH solution. The 
combined water layers were acidified to pH=4 and extracted 
with dichloromethane (5x50 mL). The organic layers were 
combined, dried, filtered and evaporated to an oil. This oil 40 
was dissolved in methanol (1000 mL) and dry HC1 gas 
added. The reaction was heated to reflux and maintained 
there for 8 hours. The reaction was cooled and evaporated to 
an oil. This oil was dissolved in dioxane/water and p-nitro- 
phenyl-t-butylcarbonate (0.05 mmol) was added and the pH 45 
adjusted to 10. The reaction was stirred for 4 hours, then 
neutralized and extracted 5 times with dichloromethane. The 
methyl ester was dissolved in 50% DMF in dichloromethane 
and to this was added dicyclohexylcarbodiimide (DCC, 0.05 
mmol) and hydroxbenzotriazole (0.05 mmol), and 2-thymi- 50 
nylacetic acid (0.05 mmol). The reaction was stirred for 18 
hours then the DCC was removed by filtration and the 
residue evaporated to an oil. The oil was purified by column 
chromatography. 

EXAMPLE 14 

3-(Boc-amino)-l,2-propanediol, 18 

3-Amino- 1,2- propanediol (40.00 g, 0.440 mol, 1.0 eqv) 60 
was dissolved in water (1000 ml) and cooled to 0° C, and 
di-tert-butyl dicarbonate (115.0 g, 0.526 mol, 1.2 eqv) was 
added in one portion. The reaction mixture was heated to 
room temperature on a water bath with stirring. The pH was 
maintained at 10.5 with a solution of sodium hydroxide 65 
(17.56 g, 0.440 mol, 1.0 eqv) in water (120 ml). When the 
addition of aqueous sodium hydroxide was completed, the 
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Boc-aminoacetaldehyde, 19 

3-(Boc-amino>l ^-propanediol (18, 20.76 g, 0.109 mol, 1 
eqv) was suspended in water (150 ml). Potassium m-perio- 
date (24.97 g, 0.109 mol, 1 eqv) was added and the reaction 
mixture was stirred for 2 h at room temperature under 
nitrogen. The reaction mixture was filtered and the water 
phase was extracted with chloroform (6x250 ml). The 
organic phase was dried (MgS0 4 ) and evaporated to afford 
crude Boc-aminoacetaldehyde as a golden oil. This oil was 
kugelrohr distilled at 80° C. and 0.2 mbar to yield 13.19 g 
(76%) of the title compound as a semicrystalline solid. 
J HNMR (DMSO-da/TMS): 5=1.47 (s, 9H, Me3Q, 3.81 (d, 
J=5.6 Hz, 2H, CH 2 ), 7.22 (b, 1 H, NH), 9.54 (s, 1 H, CHO). 
13 C-NMR (DMSb-d/TMS): &=28.2 (Me 3 C), 50.5 (CHJ, 
78.4 (M^C), 156.1 (carbamate C=0), 200.6 (CHO). Anal. 
Calcd. for C,Hi 3 N0 3 : C, 52.82; H, 8.23; N, 8.80. Found: C, 
52.21; H, 8.15; N, 8.46. 

EXAMPLE 16 

(Boc-amino) ethylglycine Methyl Ester, 20 

A. Reduction With Sodium Cyanoborohydride 
Boc-aminoacetaldehyde (19, 1.00 g, 6.3 mmol, I eqv) 
was dissolved in methanol (50 ml). Anhydrous sodium 
acetate (1.03 g, 12.6 mmol, 2 eqv), glycine methyl ester 
hydrochloride (Aldrich Chemical Co M 0.79 g, 6.3 mmol, 1 
eqv) and sodium cyanoborohydride (1.97 g, 31.4 mmol, 5 
eqv) were added to the solution in that order. The reaction 
mixture was stirred for 2 h at room temperature under 
nitrogen. Water (50 ml) was added to the suspension and the 
resulting clear solution was evaporated under reduced pres- 
sure to remove the methanol. The aqueous pliase was 
extracted with methylene chloride (3x100 ml). The organic 
phase was washed with a saturated aqueous solution of 
sodium chloride (1x100 ml), dried (NajSOJ, filtered and 
then evaporated under reduced pressure affording 1.41 g of 
crude title compound as a yellow oil. The crude product was 
kugelrohr distilled at 110° C. and 0.5 mbar to yield 0.49 g 
(34%) of 2-(Boc-amino)ethylglycine methyl ester as a col- 
orless liquid. 'H-NMR (CDCl 3 /TMS): 5=1.36 (s, 9a 
Me 3 C), 1.91 (s, 1H, NH), 2.67 (t, J=6 Hz, 2H, NHCHJ, 3.13 
(q, J=6 Hz, 2H, NHCHJ, 3.34 (s, 2H, CH 2 CO0). 3.65 (s, 
3H, OMe), 5.13 (b, 1H, carbamate NH). 13 C-NMR (CDC1 3 / 
TMS): 5=28.2 (M^C), 39,9, 48.5 (NHCHJ, 50.0 
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(CH 2 COO), 51.5 (OMe), 78.9 (M&A 155.9 (carbamate 
C=0), 172.6 (ester C=0). Anal. Calcd for C 10 H^ 2 0 4 : C, 
51.71; H, 8.68; N, 12.06. Found: C, 51.55; H, 8.72; N, 11.79. 
B. Catalytic hydrogenation 

Boc-aminoacetaldehyde (2.08 g, 13.1 mmol, 1 eqv) was 5 
dissolved in methanol (50 ml) and cooled to 0 0 C. Palladium 
on activated carbon (10%, 0.4 g) was added under nitrogen 
and with vigorous stirring. Anhydrous sodium acetate (2.14 
g, 26.1 mmol, 2 eqv) and glycine methyl ester, hydrochlo- 
ride (1.64 g, 13.1 mmol, 1 eqv) each dissolved in methanol 10 
(25 ml) were added to the mixture. The reaction mixture was 
hydrogenated at atmospheric pressure and room temperature 
with vigorous stirring, until hydrogen uptake had ceased 
(when 287 ml, 13.1 mmol, 1 eqv had been consumed) after 
about 1 h. The.reaction mixture was filtered and the solvent 15 
removed under reduced pressure. The residue was sus- 
pended in water (30 ml), and during vigorous stirring pH 
was adjusted to 8 by dropwise addition of 0.5N NaOH. The 
water phase was extracted with methylene chloride (4x50 
ml). The organic phase was dried (Na 2 S0 4 ), filtered and 20 
evaporated under reduced pressure to yield 3.03 g of crude 
title compound as a golden oil. The crude product was 
kugelrohr distilled at 100 ° C. and 0.2 mbar to afford 2.33 g 
(77%) of 2-(Boc-amino)ethylglycine methyl ester as a col- 
orless liquid. The analytical data were in accord with those 25 
provided above for the reduction with sodium cyanoboro- 
hydride. 

EXAMPLE 17 30 

General Method for the Synthesis of PNA 
Oligomers 

Oligomers were prepared generally in accordance with 35 
the methods disclosed by WO 92/20702. Benzyhydrylamine 
resin (initially loaded 0.28 mmol/gm with Boc-L-Lys(2- 
chlorobenyloxycarbonyl)) was swollen in DMF and an 
excess of a monomer to be coupled was added, followed by 
dicyclohexyl-carbodiimide (0.15M in 50% DMF in dichlo- 40 
romethane). The Boc deprotection was accomplished by 
trifluoroacetic acid treatment. The progress of the coupling 
reactions was monitored by quantitative ninhydrin analysis. 
The PNA was released from the resin using anhydrous HF 
under standard conditions. The products were purified using 45 
HPLC with acetonitrile-water (0.1% TFA) gradient and 
structure confirmed by fast atom bombardment mass spec- 
trometry. The following sequences have been synthesized by 
this method: 

H-T 10 LysNH 2 (SEQ ID NO: 1) so 
H-T^CTjLysNH, (SEQ ID NO: 2) 
H-T a CT 2 CT«LysNH 2 (SEQ ID NO: 3) 
H-T 4 CT 2 CT 2 LysNH 2 (SEQ ID NO: 4) 
H-TGTACGTCACAACTA-NH 2 (SEQ ID NO: 5) 
H-CCTTCCCTT-NH 2 (SEQ ID NO: 6) 55 
H-TTCCCTTCC-NH 2 (SEQ ID NO: 7) 
H-TAGTTATCTCTATCT-NH 2 (SEQ ID NO: 8) 
H-TGTACGTCACAACTA-NH 2 (SEQ ID NO: 9) 
H- GCAC AGCC-LYS-NH 2 (SEQ ID NO: 10) 
H- TTTTCTTTT -NH 2 (SEQ ID NO: 1 1 ) 60 
H-TlTrmriCCCCCCC-NHj (SEQ ID NO: 12) 
H-CCCCCCCrnTlTlTl'-NH 2 (SEQ ID NO: 13) 
H-CCTCCITCCC-NH 2 (SEQ ID NO: 14) 
H-TTCTCTCTCT-NH 2 (SEQ ID NO: 15) 
H-TT1TTCTCTCTCTCT-NH 2 (SEQ ID NO: 16) 65 
H-CCCCCACCACTTCCCCrCTC-(Lys) 9 NH 2 (SEQ ID 
NO: 17) 



H-CTTATATTCCGTCATCGCTCLy s-NH 2 (SEQ ID NO* 
18) 

H-CTGTCTCCATCCTCTrCACT-NH 2 (SEQ ID NO: 19) 
H-TATTCCGTCATCGCTCCTCALys-NH 2 (SEQ ID NO- 
20) 

H-CCCCCACCACITCCCCTCTC-NH 2 (SEQ ID NO" 21) 
H-CTGCTGCCTCTGTCTCAGGTLysNH 2 (SEQ ID NO 
22) 

H-T 4 -(Manine)C-T 5 LysNH 2 (SEQ ID NO: 23) 
H-T 4 -(P-alanine)T-T 5 LysNH 2 (SEQ ID NO: 24) 

Those skilled in the art will appreciate that numerous 
changes and modifications may be made to the preferred 
embodiments of the invention and that such changes and 
modifications may be made without departing from the spirit 
of the invention. It is therefore intended that the appended 
claims cover all such equivalent variations as fall within the 
true spirit and scope of the invention. 

EXAMPLE A 

Synthesis of PNA Oligomers and Polymers 

The principle of anchoring molecules onto a solid matrix, 
which helps in accounting for intermediate products during 
chemical transformations, is known as Solid-Phase Synthe- 
sis or Merrifield Synthesis (see, e.g., Merrifield, 7. Am. 
Chem. Soc. t 1963, 85, 2149 and Science, 1986, 232, 341). 
Established methods for the stepwise or fragmentwise solid- 
phase assembly of amino acids into peptides normally 
employ a beaded matrix of slightly cross-linked styrene- 
divinylbenzene copolymer, the cross-linked copolymer hav- 
ing been formed by the pearl polymerization of styrene 
monomer to which has been added a mixture of divinylben- 
zenes. A level of 1-2% cross-linking is. usually employed. 
Such a matrix also can be used in solid-phase PNA synthesis 
in accordance with the present invention (FIG. 1). 

Concerning the initial functionalization of the solid phase, 
more than fifty methods have been described in connection 
with traditional solid-phase peptide synthesis (see, e.g., 
Barany and Merrifield in "The Peptides" Vol. 2, Academic 
Press, New York, 1979, pp. 1-284, and Stewart and Young, 
"Solid Phase Peptide Synthesis", 2nd Ed., Pierce Chemical 
Company, Illinois, 1984). Reactions for the introduction of 
chloromethyl functionality (Merrifield resin; via a chlorom- 
ethyl methyl ether/SnCl 4 reaction), aminomethyl function- 
ality (via an N-hydroxymethylphthalimide reaction; see, 
Mitchell, et al., Tetrahedron Lett., 1976, 3795), and benzhy- 
drylamino functionality (Pietta, et al., / Chem, Soc, 1970, 
650) are the most widely applied. Regardless of its nature, 
the purpose of the functionality is normally to form an 
anchoring linkage between the copolymer solid support and 
the C-terminus of the first amino acid to be coupled to the 
solid support. As will be recognized, anchoring linkages also 
can be formed between the solid support and the amino acid 
N-terminus. It ts generally convenient to express the "con- 
centration" of a functional group in terms of millimoles per 
gram (mmol/g). Other reactive functionalities which have 
been initially introduced include 4-methylbenzhydryl amino 
and 4-methoxy-benzhydrylamino. All of these established 
methods are in principle useful within the context of the 
present invention. Preferred methods for PNA synthesis 
employ aminomethyl as the initial functionality, in that 
aminomethyl is particularly advantageous with respect to the 
incorporation of "spacer" or "handle" groups, owing to the 
reactivity of the amino group of the aminomethyl function- 
ality with respect to the essentially quantitative formation of 
amide bonds to a carboxylic acid group at one end of the 
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spacer- forming reagent. A vast number of relevant spacer- or 
handle-forming bifunctional reagents have been described 
(see, Barany, et ah, Int. J. Peptide Protein Res., 1987, 30, 
705), especially reagents which are reactive towards amino 
groups such as found in the aminomethy! function. Repre- 5 
sentative bifunctional reagents include 4-(haloalkyl)aryl- 
lower alkanoic acids such as 4-(bromomethyl)phenylacetic 
acid, Boc-aminoacyl-4-(oxyrnethyl)aryl-lower alkanoic 
acids such as Boc-aminoacyl-4-(oxymethyl)phenylacetic 
acid, N-Boc-p-acylbenzhydrylamines such as N-Boc-p-glu- 
taroylbenzhydrylamine, . N-Boc-4-lower alkyl-p-acylben- 
zhydrylamines such as N-Brc-4'-methyl-p-glutaroylbenzhy- 
drylamine, N-Boc-4'-lower alkoxy-p-acylbenzhydry famines 
such as N-Boc-4'-memoxy-r>glutaroyl-benziiydrylarmne, 
and 4-hydroxymethylphenoxyacetic acid. One type of 
spacer group particularly relevant within the context of the 15 
present invention is the phenyl acetamidomethyl (Pam) 
handle (Mitchell and Merrifield, 7. Org. Chem., 1976, 41, 
2015) which, deriving from the electron withdrawing effect 
of the 4-phenylacetamidomethyl group, is about 100 times 
more stable than the classical benzyl ester linkage towards 20 
the Boc-amino deprotection reagent trifluoroacetic acid 
(TFA). 

Certain functionalities (e.g., benzhydrylamino, 4-methyl- 
benzhydrylamino and 4-memoxybenzhydrylamino) which 
may be incorporated for the purpose of cleavage of a 25 
synthesized PNA chain from the solid support such that the 
C-terminal of the PNA chain is in amide form, require no 
, introduction of a spacer group. Any such functionality may 
advantageously be employed in the context of the present 
invention. 

An alternative strategy concerning the introduction of 
spacer or handle groups is the so-called "preformed handle" 
strategy (see, Tarn, et al., Synthesis, 1979, 955-957), which 
offers complete control over coupling of the first amino acid, 35 
and excludes the possibility of complications arising from 
the presence of undesired functional groups not related to 
the peptide or PNA synthesis. In this strategy, spacer or 
handle groups, of the same type as described above, are 
reacted with the first amino acid desired to be bound to the 40 
solid support, the amino acid being N-protected and option- 
ally protected at the other side-chains which are not relevant 
with respect to the growth of the desired PNA chain. Thus, 
in those cases in which a spacer or handle group is desirable, 
the first amino acid to be coupled to the solid support can 45 
cither be coupled to the free reactive end of a spacer group 
which has been bound to the initially introduced function- 
ality (for example, an aminomethyl group) or can be reacted 
with the spacer-forming reagent. The space-forming reagent 
is then reacted with the initially introduced functionality. 50 
Other useful anchoring schemes include the "multidetach- 
able" resins (Tarn, ct al., Tetrahedron Lett,, 1979, 4935 and 
7. Am. Chem. Soc., 1980, 102, 611; Tarn, 7. Org. Chem, 
1985, 50, 5291), which provide more than one mode of 
release and thereby allow more flexibility in synthetic 55 
design. 

Suitable choices for N-protection are the tert-butyloxy- 
carbonyl (Boc) group (Carpino,/.y4m. Chem. Soc, 1957,79, 
4427; McKay, et al., 7. Am. Chem, Soc, 1957, 79, 4686; 
Anderson, et al., 7. Am, Chem. Soc, 1957, 79, 6180) 60 
normally in combination with benzyl-based groups for the 
protection of side chains, and the 9-fluorenylmethyloxycar- 
bonyl (Fmoc) group (Carpino, et al., 7. Am, Chem. Soc, 
1970, 92,5748 and7. Org. Chem., 1972,37,3404), normally 
in combination with tcrt-butyl (tBu) for the protection of any 65 
side chains, although a number of other possibilities exist 
which arc well known in conventional solid-phase peptide 
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synthesis. Thus, a wide range of other useful amino protect- 
ing groups exist, some of which are Adoc (Hass, et al., 7. Am 
Chem, Soc, 1966, 88, 1988), Bpoc (Sieber, Helv. Chem 
Acta., 1968, 51, 614), Mcb (Brady, et al., J. Org. Chem 
1977, 42, 143), Bic (Kemp, et al., Tetrahedron, 1975, 4624)1 
the o-nitrophenylsulfenyl (Nps) (Zervas, et al., 7. Am. Chem. 
Soc, 1963, 85, 3660), and the dithiasuccinoyl (Dts) (Barany 
et al., 7. Am. Chem. Soc. 1977, 99, 7363). These amino 
protecting groups, particularly those based on the widely- 
used urethane functionality, successfully prohibit racemiza- 
tion (mediated by tautomerization of the readily formed 
oxazolinone (azlactone) intermediates (Goodman, et al., 7. 
Am. Chem. Soc, 1964, 86, 2918)) during the coupling* of 
most cc-amino acids. In addition to such amino protecting 
groups, a whole range of otherwise "worthless" nonure- 
thane-type of amino protecting groups are applicable when 
assembling PNA molecules, especially those built from 
achiral units. Thus, not only the above-mentioned amino 
protecting groups (or those derived from any of these 
groups) are useful within the context of the present inven- 
tion, but virtually any amino protecting group which largely 
fulfills the following requirements: (1) stability to mild acids 
(not significantly attacked by carboxyl groups); (2) stability 
to mild bases or nucleophiles (not significantly attacked by 
the amino group in question); (3) resistance to acylation (not 
significantly attacked by activated amino acids). Addition- 
ally: (4) the protecting group must be close to quantitatively 
removable, without serious side reactions, and (5) the optical 
integrity, if any, of the incoming amino acid should prefer- 
ably be highly preserved upon coupling. Finally, the choice 
of side-chain protecting groups, in general, depends on the 
choice of the amino protecting group, since the protection of 
side-chain functionalities must withstand the conditions of 
the repeated amino deprotection cycles. This is true whether 
the overall strategy for chemically assembling PNA mol- 
ecules relies on, for example, differential acid stability of 
amino and side-chain protecting groups (such as is the case 
for the above-mentioned "Boc-benzyl" approach) or 
employs an orthogonal, that is, chemoselective, protection 
scheme (such as is the case for the above-mentioned "Fmoc- 
tBu" approach). 

Following coupling of the first amino acid, the next stage 
of solid-phase synthesis is the systematic elaboration of the 
desired PNA chain. This elaboration involves repeated 
deprotection/coupling cycles. The temporary protecting 
group, such as a Boc or Fmoc group, on the last-coupled 
amino acid is quantitatively removed by a suitable treat- 
ment, for example, by acidolysis, such as with trifluoroacetic 
acid, in the case of Boc, or by base treatment, such as with 
piperidine, in the case of Fmoc, so as to liberate the 
N-terrninal amine function. 

The next desired N-protected amino acid is then coupled 
to the N-terminal of the last-coupled amino acid. This 
coupling of the C-tcrminal of an amino acid with the 
N-terminal of the last-coupled amino acid can be achieved 
in several ways. For example, it can be bound by providing 
the incoming amino acid in a form with the carboxyl group 
activated by any of several methods, including the initial 
formation of an active ester derivative such as a 2,4,5- 
trichlorophenyl ester (Pless, et al., Helv. Chim. Acta, 1963, 
46, 1 609), a phthalimido ester (Nefkens, ct al., 7. Am. Chem. 
Soc, 1961, 83, 1263), a pentachlorophenyl ester (Kupryszc- 
wski, Rocz. Chem, 1961, 35, 595), a pentafluorophenyl ester 
(Kovacs, et al., 7. Am, Chem Soc, 1963, 85, 183), an 
o-nitrophenyl ester (Bodanzsky, Nature, 1955, 175, 685). an 
imidazole ester (Li, et al.. 7. Am, Chem. Soc, 3970. 92, 
7608), and a 3-hydroxy-4-oxo-3,4-dihydroquinazoline 
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(Dhbt-OH) ester (Konig, et al., Chem. Bet., 1973, 103, 2024 
and 2034), or the initial formation of an anhydride such as 
a symmetrical anhydride (Wieland, et a\. t Angew, Chem., Int. 
Ed. Engl, 1971, 10, 336). Alternatively, the carboxyl group 
of the incoming amino acid can be reacted directly with the 5 
N-terminal of the last-coupled amino acid with the assis- 
tance of a condensation reagent such as, for example, 
dicyclohexylcarbodiimide (Sheehan, et al., J. Am. Chem. 
Soc, 1955, 77, 1067) or derivatives thereof. Benzotriazolyl 
N-oxy-trisdimethylaminophosphonium hexafluorophos- 
phate (BOP), "Castro's reagent" (see, e.g.. Rivaille, et al., 
Tetrahedron, 1980, 36, 3413) is recommended when assem- 
bling PNA molecules containing secondary amino groups. 
Finally, activated PNA monomers analogous to the recently- 
reported amino acid fluorides (Carpino, J. Am. Chem. Soc, 
1990, 112, 9651) hold considerable promise to be used in 15 
PNA synthesis as well. 

Following assembly of the desired PNA chain, including 
protecting groups, the next step will normally be deprotec- 
tion of the amino acid moieties of the PNA chain and 2Q 
cleavage of the synthesized PNA from the solid support. 
These processes can take place substantially simultaneously, 
thereby providing the free PNA molecule in the desired 
form. Alternatively, in cases in which condensation of two 
separately synthesized PNA chains is to be carried out, it is y 
possible by choosing a suitable spacer group at the start of 
the synthesis to cleave the desired PNA chains from their 
respective solid supports (both peptide chains still incorpo- 
rating their side-chain protecting groups) and finally remov- 
ing the side-chain protecting groups after, for example, 3Q 
coupling the two side-chain protected peptide chains to form 
a longer PNA chain. 

In the above-mentioned "Boc-benzyl" protection scheme, 
the final deprotection of side-chains and release of the PNA 
molecule from the solid support is most often carried out by 35 
the use of strong acids such as anhydrous HF (Sakakibara, 
et al., Bull. Chem. Soc. Jpn., 1965, 38, 4921), boron tris 
(trifluoroacetate) (Pless, et al, Helv. Chim. Acta, 1973, 46, 
1609), and sulfonic acids such as trifiuoromethanesulfonic 
acid and methanesulfonic acid (Yajima, et al., J. Chem, Soc, 40 
Chem. Comm., 1974, 107). This conventional strong acid 
(e.g., anhydrous HF) deprotection method, produces very 
reactive carbocations that may lead to alkylation and acy- 
lation of sensitive residues in the PNA chain. Such side- 
reactions are only partly avoided by the presence of scav- 45 
engers such as anisole, phenol, dimethyl sulfide, and 
mcrcaptocthanol and, therefore, the sulfidc-assistcd acidol- 
ytic Sfjl deprotection method (Tam, et al., J. Am. Chem. 
Soc, 1983, 105, 6442 and J. Am. Chem. Soc., 1986, 108, 
5242), the so-called "low", which removes the precursors of 50 
harmful carbocations to form inert sulfonium salts, is fre- 
quently employed in peptide and PNA synthesis, either 
solely or in combination with "high" methods. Less fre- 
quentiy, in special cases, other methods used for deprotec- 
tion and/or final cleavage of the PNA-solid support bond are, 55 
for example, such methods as base-catalyzed alcoholysis 
(Barton, et al., / Am. Chem. Soc^ 1973, 95, 4501), and 
ammonolysis as well as hydrazinolysis (Bodanszky, et al., 
Chem. Ind., 1964 1423), hydrogenolysis (Jones, Tetrahedron 
Lett. 1977 2853 and Schlatter, et al., Tetrahedron Lett. 1977 # 
2861)), and photolysis (Rich and Gurwara, J. Am. Chem 
Soc, 1975 97, 1575)). 

Finally, in contrast with the chemical synthesis of "nor- 
mal" peptides, stepwise chain building of achiral PNAs such 
as those based on aminocthylglycyl backbone units can start 65 
either from the N-terminus or the C- terminus, because the 
coupling reactions are free of racemization. Those skilled in 
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the art will recognize that whereas syntheses commencing at 
the C-terminus typically employ protected amine groups and 
free or activated acid groups, syntheses commencing at the 
N-terminus typically employ protected acid groups and free 
or activated amine groups. 

Based on the recognition that most operations are iden- 
tical in the synthetic cycles of solid-phase peptide synthesis 
(as is also the case for solid-phase PNA synthesis), a new 
matrix, PEPS, was recently introduced (Berg, et al., /. Am. 
Chem. Soc., 1 989, 111, 8024 and International Patent Appli- 
cation WO 90/02749) to facilitate the preparation of large 
numbers of peptides. This matrix is comprised of a poly- 
ethylene (PE) film with pendant long-chain polystyrene (PS) 
grafts (molecular weight on the order of 10 fi ). The loading 
capacity of the film is as high as that of a beaded matrix, but 
PEPS has the additional flexibility to suit multiple syntheses 
simultaneously. Thus, in a new configuration for solid-phase 
peptide synthesis, the PEPS film is fashioned in the form of 
discrete, labeled sheets, each serving as an individual com- 
partment. During all the identical steps of the synthetic 
cycles, the sheets are kept together in a single reaction vessel 
to permit concurrent preparation of a multitude of peptides 
at a rate close to that of a single peptide by conventional 
methods. It was reasoned that the PEPS film support, 
comprising linker or spacer groups adapted to the particular 
chemistry in question, should be particularly valuable in the 
synthesis of multiple PNA molecules, these being concep- 
tually simple to synthesize since only four different reaction 
compartments are normally required, one for each of the 
four "pseudo-nucleotide" units. Thus, the PEPS film support 
has been successfully tested in a number of PNA syntheses 
carried out in a parallel and substantially simultaneous 
fashion. The yield and quality of the products obtained from 
PEPS were comparable to those obtained by using the 
traditional polystyrene beaded support. Also, experiments 
with other geometries of the PEPS polymer such as, for 
example, non-woven felt, knitted net, sticks or microwell- 
plates have not indicated any limitations of the synthetic 
efficacy. 

Two other methods proposed for the simultaneous syn- 
thesis of large numbers of peptides also apply to the prepa- 
ration of multiple, different PNA molecules. The first of 
these methods (Gcyscn, ct al., Proc. Natl. Acad. Sci. USA, 
1984, 81, 3998) utilizes acrylic acid-grafted polyethylene- 
rods and 96-microtitcr wells to immobilize the growing 
peptide chains and to perform the compartmentalized syn- 
thesis. While highly effective, the method is only applicable 
on a microgram scale. The second method (Houghten, Proc, 
NatL Acad. Set USA, 1985, 82, 5131) utilizes a "tea bag" 
containing traditionally-used polymer beads. Other relevant 
proposals for multiple peptide or PNA synthesis in the 
context of the present invention include the simultaneous 
use of two different supports with different densities 
(Tregear, in "Chemistry and Biology of Peptide f\ J. Meien- . 
hofer, ed., Ann Arbor Sci. Publ., Ann Arbor, 1972 pp. 
175-178), combining of reaction vessels via a manifold 
(Gorman, Anal Biochem., 1984, 136, 397), multicolumn 
solid-phase synthesis (e.g. Krchnak, et al., Int. J. Peptide 
Protein Res., 1989, 33, 209), and Holm and Meldal, in 
"Proceedings of the 20th European Peptide Symposium", G. 
Jung and E. Bayer, eds., Walter de Gruyter & Co., Berlin, 
1989 pp. 208-210), and the use of cellulose paper (Eichler, 
et al., Collect. Czech. Chem, Commun., 1989, 54, 1746). 

While the conventional cross-linked styrcnc/divinylbcn- 
zene copolymer matrix and the PEPS support are presently 
preferred in the context of solid-phase PNA synthesis, a 
non-limiting list of examples of solid supports which may be 
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of relevance arc: (1) Particles based upon copolymers of 
dimethylacrylamide cross-linked with N.N'-bisacryloyleth- 
ylenedi amine, including a known amount of N-tcrtbutoxy- 
carbonyl-beta-alanyl-N'-acryloylhexamethylenediamine. 
Several spacer molecules are typically added via the beta 5 
aJanyl group, followed thereafter by the amino acid residue 
subunits. Also, the beta alanyl-containing monomer can be 
replaced with an acryloyl saf cosine monomer during poly- 
merization to form resin beads. The polymerization is fol- 
lowed by reaction of the beads with ethyl enediamine to form 10 
resin particles that contain primary amines as the covalcntly 
linked functionality. The poly aery lamide-based supports arc 
relatively more hydrophilic than are the polystyrene- based 
supports and are usually used with polar aprotic solvents 
including dimemylformamide, dimethyl acetamide, N-meth- 
ylpyrrolidonc and the like (see Atherton, et al., J. Am. Chem. 1 
Soc, 1975, 97, 6584, Bioorg. Chem. 1979, 8, 351), and J. C. 
S. Perkin I 538 (1981)); (2) a second group of solid supports 
is based on silica-containing particles such as porous glass 
beads and silica gel. One example is the reaction product of 20 
trichloro-[3-(4-chloromethyl)phenyl]propylsilane and 
porous glass beads (see Parr and Grohmann, Angew. Chem. 
Internal, Ed. 1972, 11, 314) sold under the trademark 
"PORASIL E" by Waters Associates, Framingharn, Mass., 
USA. Similarly, a mono ester of 1,4-dihydroxyrnethylben- 
zene and silica (sold under the trademark "BIOPAK" by 
Waters Associates) has been reported to be useful (see Bayer 
and Jung, Tetrahedron Lett., 1970, 4503); (3) a third general 
type of useful solid supports can be termed composites in 
that they contain two major ingredients: a resin and another 
material that is also substantially inert to the organic syn- 
thesis reaction conditions employed. One exemplary com- 
posite (sec Scott, et al., J. Chrom. Sci, 1971, 9, 577) utilized 
glass particlcs^coatcd with a hydrophobic, cross-linked sty- 
renc polymer containing reactive chloromethyl groups, and 
was supplied by Northgate Laboratories, Inc., of Hamden, 35 
Cona, USA. Another exemplary composite contains a core 
of fluorinatcd ethylene polymer onto which has been grafted 
polystyrene (see Kent and Mcrrificld, Israel J. Chem. 1978, 
17, 243) and van Rietschotcn in "Peptides 1974", Y Wol- 
man, Ed., Wiley and Sons, New York, 1975, pp. 113-116); 
and (4) contiguous solid supports other than PEPS, such as 
cotton sheets (Lebl and Eichler, Peptide Res. 1989, 2, 232) 
and hydroxypropyl aery late-coated polypropylene mem- 
branes (Daniels, et al., Tetrahedron Lett. 1989, 4345), are . 
suited for PNA synthesis as well. 

Whether manually or automatically operated, solid-phase 
PNA synthesis in the context of the present invention is 
normally performed batchwise. However, most of the syn- 
theses may equally well be carried out in the continuous- 50 
flow mode, where the support is packed into columns 
(Bayer, et al., Tetrahedron Lett., 1970, 4503 and Scott, et al., 
J. Chromatogr. Sci, 1971, 9, 577). With respect to continu- 
ous-flow solid-phase synthesis, the rigid poly(dimcthylacry- 
lamidc)-Kicselguhr support (Atherton, et al., / Chem. Soc. 55 
Chem. Commun., 1981, 1151) appears to be particularly 
successful, but another valuable configuration concerns the 
one worked out for the standard copoly(styrene-l%-divinyl- 
benzene) support (Krchnak, ct al., Tetrahedron Lett., 1987, 
4469). go 

While the solid-phase technique is presendy preferred in 
the context of PNA synthesis, other methodologies or com- 
binations thereof, for example, in combination with the 
solid-phase technique, apply as well: (1) the classical solu- 
tion-phase methods for peptide synthesis (e,g., Bodanszky, 65 
"Principles of Peptide Synthesis'*, Springer- Verlag, Berlin- 
New York 3984), either by stepwise assembly or by seg- 
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ment/fragment condensation, are of particular relevance 
when considering especially large scale productions (gram, 
kilogram, and even tons) of PNA compounds; (2) the 
so-called "liquid-phase" strategy, which utilizes soluble 
polymeric supports such as linear polystyrene (Shemyakin, 
et al, Tetrahedron Lett., 1965, 2323) and polyethylene 
glycol (PEG) (Mutter and Bayer, Angew. Chem., Int. Ed. 
Engl, 1974, 13, 88), is useful; (3) random polymerization 
(see, e.g., Odian, "Principles of Polymerization", McGraw- 
Hill, New York (1970)) yielding mixtures of many molecu- 
lar weights ("polydisperse") peptide or PNA molecules are 
particularly relevant for purposes such as screening for 
antiviral effects; (4) a technique based on the use of poly- 
mer-supported amino acid active esters (Fridkin, et al., J. 
Am. Cliem. Soc, 1965, 87, 4646), sometimes referred to as 
"inverse Merrifield synthesis'* or "polymeric reagent syn- 
thesis", offers the advantage of isolation andpurification of 
intermediate products, and may thus provide a particularly 
suitable method for the synthesis of medium-sized, option- 
ally protected, PNA molecules, that can subsequently be 
used for fragment condensation into larger PNA molecules; 
(5) it is envisaged that PNA molecules may be assembled 
cnzymatically by enzymes such as proteases or derivatives 
thereof with novel specificities (obtained, for example, by 
artificial means such as protein engineering). Also, one can 
envision the development of "PNA ligases" for the conden- 
sation of a number of PNA fragments into very large PNA 
molecules; (6) since antibodies can be generated to virtually 
any molecule of interest, the recently developed catalytic 
antibodies (abzymes), discovered simultaneously by the 
groups of Lemer (Tramantano, et al., Science. 1986, 234, 
1566) and of Schultz (Pollack, et al., Science, 1986, 234, 
1570), should also be considered as potential candidates for 
assembling PNA molecules. Thus, there has been consider- 
able success in producing abzymes catalyzing acyl-transfcr 
reactions (see for example Shokat, et al., Nature, 1989, 338, 
269) and references therein). Finally, completely artificial 
enzymes, very recently pioneered by Stewart's group (Hahn, 
ct al., Science, 1990, 248, 1544), may be developed to suit 
PNA synthesis. The design of generally applicable enzymes, 
ligases, and catalytic antibodies, capable of mediating spe- 
cific coupling reactions, should be more readily achieved for 
PNA synthesis than for "normal" peptide synthesis since 
PNA molecules will often be comprised of only four differ- 
ent amino acids (one for each of the four native nucleobases) 
as compared to the twenty natural by occurring (proteino- 
genic) amino acids constituting peptides. In conclusion, no 
single strategy may be wholly suitable for the synthesis of a 
specific PNA molecule, and therefore, sometimes a combi- 
nation of methods may work best. 

EXAMPLE B 

Synthesis of monomeric building blocks 

The monomers preferably are synthesized by the general 
scheme outlined in FIG. 2. This involves preparation of 
either the methyl or ethyl ester of (Bocaminoethyl)glycine, 
by a protection/deprotection procedure as described in 
Examples 41-43. The synthesis of thymine monomer is 
described in Examples 44-45, and that of the protected 
cytosine monomer is described in Example 46. 

The synthesis of the protected adenine monomer (FIG. 3) 
involved alkylation with ethyl bromoacctatc (Example 47) 
and verification of the position of substitution by X-ray 
crystallography, as being the wanted 9-position. The 
N^amino group then was protected with the benzyloxycar- 
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bonyl group by the use of the reagent N-ethyl-benzyloxy- 
carbonylimidazole tetrafluoroborate (Example 48). Simple 
hydrolysis of the product ester (Example 49) gave N 6 -ben- 
zyloxycarbonyl-9-carboxymethyl adenine, which then was 
used in the standard procedure (Examples 50-51, FIG. 2). 5 
The adenine monomer has been built into two different 
PNA-oligomers (Examples 73, 74, 88 and 90). 

The synthesis of the protected G-monomcr is outlined in 
FIG. 4. The starting material, 2-amino-6-chloropurine, was 
alkylated with bromoacctic acid (Example 52) and the 10 
chlorine atom was then substituted with a benzyloxy group 
(Example 53). The resulting acid was coupled to the 
(bocaminoethyl) glycine methyl ester (from Example 53) 
with agent PyBrop™, and the resulting ester was hydrolysed 
(Example 54). The 0 6 -bcnzyl group was removed in the 15 
final HF-cleavage step in the synthesis of the PN A-oligomer. 
Cleavage was verified by finding the expected mass of the 
final PNA-oligomer, upon incorporation into an PNA-oli- 
gomer using diisopropyl carbodiimide as the condensation 
agent (Examples 72 and 88). 20 

EXAMPLE C 



Extended Backbones ^ 

Alterations of the groups A, C and D (FIG. 16) is 
demonstrated by the synthesis of monomeric building 
blocks and incorporation into PNA-oligomers. 

In one example, the C group was a CH(CH 3 ) group. The 
synthesis of the corresponding monomer is outlined in FIG. 30 
5. It involves preparation of Boc-protected l-amino-2,3- 
propanediol (Example 55), which is cleaved by periodate to 
give bocaminoacctaldehydc, which is used directly in the 
next reaction. The bocaminoacctaldehydc can be condensed 
with a variety of amines; in Example 56, alanine ethyl ester 35 
was used. In Examples 57-59, the corresponding thymine 
monomers were prepared. The monomer has been incorpo- 
rated into an 8-mer (Example 77) by the DCC-coupling 
protocol (Examples 73 and 74). 

In another example, the D group is a (CH^ group. The 
synthesis of the corresponding monomer is outlined in FIG. 
6 and described in Examples 60-61. 

In another example, the A group is a (CHJjCO group. 
The synthesis of the corresponding thymine monomer is 45 
outlined FIG. 17 and Examples 63 through 65. 

In yet another example, the C group is a (CHJj group. 
The synthesis of the thymine and protected cytosine mono- 
mer is outlined in FIG. 6 and Examples 66 through 71. 
Hybridization experiments with a PNA-oligomer containing 50 
one unit is described in Examples 78 and 98, which shows 
a significant lowering of affinity but a retention of specific- 
ity. 
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General Remarks 



55 



The following abbreviations are used in the experimental 
examples: DMF, N,N-dimethylformamide; DCC, N,N-dicy- 
clohexyl carbodiimide; DCU, N,N-dicyclohexyl urea; THF, 
tetrahydrofuran; aeg, N-acetyl (Z-aminoethyOglycine; pfp, ^ 
pentafluorophenyl; Boc, tert-butoxycarbonyl; Z, benzyloxy- 
carbonyl; NMR, nuclear magnetic resonance; s, singlet; d, 
doublet; dd, doublet of doublets; t; triplet; q, quartet; m, 
muluplet; b, broad; 8, chemical shift; 

NMR spectra were recorded on either a JEOL FX 90Q 65 
spectrometer, or a Bruker 250 MHz with tetramethylsilane 
as internal standard. Mass spectrometry was performed on a 



MassLab VG 1 2-250 quadropole instrument fitted with a VG 
FAB source and probe. Melting points were recorded on 
Buchi melting point apparatus and are uncorrected. N,N- 
Dimethylformamide was dried over 4 A molecular sieves, 
distilled and stored over 4 A molecular sieves. Pyridine 
(HPLC quality) was dried and stored over 4 A molecular 
sieves. Other solvents used were either the highest quality 
obtainable or were distilled before use. Dioxane was passed 
through basic alumina prior to use. Bocanhydride, 4-nitro- 
phenol, methyl bromoacetate, benzyloxycarbonyl chloride, 
pentafluorophenol were all obtained through Aldrich Chemi- 
cal Company. Thymine, cytosine, adenine were all obtained 
through Sigma. 

Thin layer chromatography (Tic) was performed using the 
following solvent systems: (1) chIoroform:triethyl 
amine: methanol, 7:1:2; (2) methylene chloride: methanol, 
9:1; (3) chlorofomrmethanol: acetic acid 85:10:5. Spots 
were visualized by UV (254 nm) or/and spraying with a 
ninhydrin solution (3 g ninhydrin in 1000 ml 1-butanol and 
30 ml acetic acid), after heating at 120° C. for 5 min and, 
after spraying, heating again. 



EXAMPLE 18 



tcrt-Butyl 4-nitrophcnyl carbonate 

Sodium carbonate (29.14 g; 0.275 mol) and 4-nitrophenol 
(12.75 g; 91.6 mmol) were mixed with dioxane (250 ml). 
Boc-anhydride (20.0 g; 91.6 mmol) was transferred to the 
mixture with dioxane (50 ml). The mixture was refluxed for 
1 h } cooled to 0° C, filtered and concentrated to 16, and then 
poured into water (350 ml) at 0° C. After stirring for Vz h., 
the product was collected by filtration, washed with water, 
and then dried over sicapent, in vacuo. Yield 21.3 g (97%). 
M.p. 73.0V74.5 0 C. flitt. 78.5V79.5 0 C). Anal, for 
c i ,H l3 N0 3 found (calc. ) C: 55.20 (55.23) H: 5.61(5.48) N: 
5.82(5.85). 



EXAMPLE 19 



(N'-Boc-2'-aminoethyl)glycine (2) 

The title compound was prepared by a modification of the 
procedure by Heimer, et ah Int J. PepL, 1984, 23, 203-211 
N-(2-Aminocthyl)glycine (1, 3.00 g; 25.4 mmol) was dis- 
solved in water (50 ml), dioxane (50 ml) was added, and the 
pH was adjusted to 11.2 with 2N sodium hydroxide, tert- 
Butyl-4-nitrophenyl carbonate (7.29 g; 30.5 mmol) was 
dissolved in dioxane (40 ml) and added dropwise over a 
period of 2 h, during which time the pH was maintained at 
11.2 with 2N sodium hydroxide. The pH was adjusted 
periodically to 11.2 for three more hours and then the 
solution was left overnight. The solution was cooled to 0° C. 
and the pH was carefully adjusted to 3.5 with 0.5M hydro- 
chloric acid. The aqueous solution was washed with chlo- 
roform (3x200 ml), the pH adjusted to 9.5 with 2N sodium 
hydroxide and the solution was evaporated to dryness, in 
vacuo (14 mmHg). The residue was extracted with DMF 
(25+2x10 ml) and the extracts filtered to remove excess salt. 
This results in a solution of the title compound in about 60% 
yield and greater than 95% purity by tic (system 1 and 
visualised with ninhydrin, Rf=03). The solution was used in 
the following preparations of Boc-aeg derivates without 
further purification. 
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EXAMPLE 20 

N-l-Carboxymethylthymine (4) 

This procedure is different from the literature synthesis, 
but is easier, gives higher yields, and leaves no unreacted 
thymine in the product To a suspension of thymine (3, 40.0 
g; 0.3 1 7 mol) and potassium carbonate (87.7 g; 0.634 mmol) 
in DMF (900 ml) was added methyl bromoacetate (30.00 ml; 
0.317 mmol). The mixture was stirred vigorously overnight 
under nitrogen. The mixture was filtered and evaporated to 
dryness, in vacuo. The solid residue was treated with water 
(300 ml) and 4N hydrochloric acid (12 ml), sdrred for 15 
min at 0° C, filtered, and washed with water (2x75 ml). The 
precipitate was treated with water (120 ml) and 2N sodium 
hydroxide (60 ml), and was boiled for 10 minutes. The 15 
mixture was cooled to 0° C, filtered, and the pure tide 
compound was precipitated by the addition of 4N hydro- 
chloric acid (70 ml). Yield after drying, in vacuo over 
sicapent: 37.1 g (64%). ! H-NMR: (90 MHz; DMSO-dJ: _ 
11.33 ppm (sJHJMH); 7.49(d,J=0.92 Hz,lH,ArH); 4.38 
(s,2H,CH2); 1.76 (d,J=0.92 Hz,T— CH 3 ) 
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EXAMPLE 21 

N-l-Carboxymethylthymine pentafluorophenyl ester 
(5) 



25 



N-1-Carboxymethylthyminc (4, lO.Og; 54.3 mmol) and 
pentafluorophenol (10.0 g; 54.3 mmol) were dissolved in 
DMF (100 ml) and cooled to 5° C in ice water. DCC (13.45 30 
g; 65.2 mmol) then was added. When the temperature passed 
below 5° C, the ice bath was removed and the mixture was 
stirred for 3 h at ambient temperature. The precipitated DCU 
was removed by filtration and washed twice with DMF 
(2x10 ml). The combined filtrate was poured into ether 35 
(1400 ml) and cooled to 0° C. Petroleum ether (1400 ml) 
was added and the mixture was left overnight. The title 
compound was isolated by filtration and was washed thor- 
oughly with petroleum ether. Yield: 14.8 g (78%). The 
product was pure enough to carry out the next reaction, but 40 
an analytical sample was obtained by recrystallization from 
2-propanol. M.p. 200.5°-206° C. Anal, for C 13 H 7 F 5 N 2 0 4 . 
Found (calc.) C: 44.79(44.59); H: 2.14 (2.01) N: 8.13 (8.00). 
FAB-MS; 443 (M+l+glycerol), 351 (M+l). 'H-NMR (90 
MHz; DMSO-o^): 11.52 ppm (s, 1H,NH); 7.64 (s,lH,Ar 45 
H); 4.99 (s^H,CH 2 ); 1.76 (s,3H,CH 3 ). 



EXAMPLE 22 



l-(Boc-aeg) thymine (6) 



50 



To the DMF- solution from above was added tri ethyl 
amine (7.08 ml; 50.8 mmol) followed by N-l-carboxy meth- 
yl thymine pentafluorophenyl ester (5, 4.45 g; 12.7 mmol). 
The resultant solution was stirred for 1 h. The solution was 55 
cooled to 0° C. and treated with cation exchange material 
("Dowex SOW X-8", 40 g) for 20 mia The cation exchange 
material was removed by filtration, washed with dichlo- 
romethane (2x15 ml), and dichloromethanc (150 ml) was 
added. The resulting solution was washed with saturated 60 
sodium chloride, dried over magnesium sulfate, and evapo- 
rated to dryness, in vacuo, first by a water aspirator and then 
by an oil pump. The residue was shaken with water (50 ml) 
and evaporated to dryness. This procedure was repeated 
once. The residue then was dissolved in methanol (75 ml) 65 
and poured into ether (600 ml) and petroleum ether (1.4 L). 
After stirring overnight, the white solid was isolated by 



filtration and was washed with petroleum ether. Drying over 
sicapent, in vacuo, gave 3.50 g (71.7%). M.p. 142 C -147° C 
Anal, for C^H^N^O?. Found (calc.) C: 49.59(50.00) H- 
6,34 (6.29) N: 14.58 (14.58). l H-NMR (250 MHz, DMSO- 
d 6 ) Due to the limited rotation around the secondary amide 
bond several of the signals were doubled in the ratio 2: 1 , 
(indicated in the list by mj. for major and mi. for minor)' 
12.73 ppm (b, 1H, -C0 2 H); 11.27 ppm (s, mj., imide)- 
1 1 .25 ppm (s, mi„ imidc); 7.30 ppm (s, mj., ArH); 7.26 ppm 
(s. mi., ArH); 6.92 ppm (unrcs. t, mj., BocNH); 6.73 ppm 

(unres. t; mi., BocNH); 4.64 ppm (s, mj., T — CH 2 — CO )■ 

4.47 ppm (s, mi., T-CH 2 -C0— ); 4.19 ppm (s. mi! 
CONRCH 2 C0 2 H); 3.97 ppm (s, mj., CONRCJi 2 C0 2 H); 
3.41-2.89 ppm (unres. m, — CH 2 CH 2 — and water); 1 75 
ppm (s,3H, T — CH 3 ); 1.38 ppm (s, 9H, t-Bu). 13 C-NMR- 
170.68 ppm (CO); 170.34 (CO); 167.47 (CO); 167.08 (CO)- 
164.29 (CO); 150.9 (C5"); 141.92 (C6 M ); 108.04 (C2')| 
77.95 and 77.68 (Thy— Q^CO); 48.96, 47.45 and 46.70 
(— CH;£H 2 — and NCH 2 C0 2 H); 37.98 (Thy— QL); 28.07 
(t-Bu). FAB-MS: 407 (M+Na + ); 385 (M+H + ). 

EXAMPLE 23 

l-(Boc-aeg) thymine pentafluorophenyl ester (7, 
Boc-Ta-eg.OPfp) 

l-(Boc-aeg) thymine (6) (2.00 g; 5.20 mmol) was dis- 
solved in DMF (5 ml) and methylene chloride (15 ml) was 
added. Pentafluorophenol (1.05 g; 5.72 mmol) was added 
and the solution was cooled to 0° C. in an ice bath. DDC then 
,was added (1.29 g; 6.24 mmol) and the ice bath was 
removed after 2 min. After 3 h with stirring at ambient 
temperature, the precipitated DCU was removed by filtration 
and washed with methylene chloride. Trie combined filtrate 
was washed twice with aqueous sodium hydrogen carbonate 
and once with saturated sodium chloride, dried over mag- 
nesium sulfate, and evaporated to dryness, in vacuo. The 
solid residue was dissolved in dioxane (150 ml) and poured 
into water (200 ml) at 0° C. The title compound was isolated 
by filtration, washed with water, and dried over sicapent, in 
vacuo. Yield: 2.20 g (77%). An analytical sample was 
obtained by recrystallisation from 2-propanol. M.p, 
174°-175.5° C Analysis for C^H^O^, found(calc): 
C: 48.22(48.01); H: 4.64(4.21); N: 9.67(10.18). 'H-NMR 
(250 MHz, CDd 3 ):Due to the limited rotation around the 
secondary amide bond several of the signals were doubled in 
the ratio 6:1 (indicated in the list by mj. for major and mi. 
for minor). 7.01 ppm (s, mi., ArH); 6.99 ppm (s, mj., ArH); 
5.27 ppm (unres. t, BocNH); 4.67 ppm (s, mj., T — CH 2 — 
CO — ); 4.60 ppm (s, mi., T— CH 2 — CO— ); 4.45 ppm (s, 
mj.. CONRCHaC0 2 Pfp); 4.42 ppm (s, mi., CONRC 
H 2 C0 2 Pfp); 3.64 ppm (t, 2H, BocNHCH 2 CU 2 — ); 3.87 ppm 
("q",2H.BocNHCH 2 CH 2 -); 1.44 (s,9H,t-Bu). FAB-MS: 
551 (10; M+l); 495 (10; M+l-tBu); 451 (80; — Boc). 

EXAMPLE 24 

N 4 -BenzyIoxycarbonyl cytosine (9) 

Over a period of about 1 h, benzyloxycarbonyl chloride 
(52 ml; 0.36 mol) was added dropwise to a suspension of 
cytosine (8. 20.0 g; 0.18 mol) in dry pyridine (1000 ml) at 
0° C. under nitrogen in oven-dried equipment. The solution 
then was stirred overnight, after which the pyridine suspen- 
sion was evaporated to dryness, in vacuo. Water (200 ml) 
and 4N hydrochloric acid were added to reach pH~l. The 
resulting white precipitate was filtered off, washed with 
water and partially dried by air suction. The still-wet pre- 
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cipitate was boiled with absolute ethanol (500 ml) for 10 
min, cooled to 0° C, filtered, washed thoroughly with ether, 
and dried, in vacuo. Yield 24.7 g (54%). M.p>250° C. Anal, 
for C I2 H U N 3 03. Found (calc); C: 58.59(58.77); H: 
4.55(4.52); N: 17.17(17.13). No NMR spectra were 5 
recorded since it was not possible to get the product dis- 
solved. 



EXAMPLE 25 w 



N^Benzyloxycartonyl-N^carboxymethyl cytosine 
(10) 

15 

In a three necked round bottomed flask equipped with 
mechanical stirring and nitrogen coverage was placed 
methyl bromacetate (7.82 ml; 82.6 mmol) and a suspension 
of rV-benzyloxycarbonyl-cytosine (9 t 21 .0 g; 82.6 mmol) 
and potassium carbonate (1 1 .4 g; 82.6 mmol) in dry DMF 20 
(900 ml). The mixture was stirred vigorously overnight, 
filtered, and evaporated to dryness, in vacuo. Water (300 ml) 
and 4N hydrochloric acid (10 ml) were added, the mixture 
was stirred for 1 5 minutes at 0° C, filtered, and washed with 
water (2x75 ml). The isolated precipitate was treated with 25 
water (120 mt), 2N sodium hydroxide (60 ml), stirred for 30 
min, filtered, cooled to 0° C, and 4N hydrochloric acid (35 
ml) was added. The title compound was isolated by filtra- 
tion, washed thoroughly with water, recrystallized from 
methanol (1000 ml) and washed thoroughly with ether. This 30 
afforded 7.70 g (3 1 %) of pure compound. The mother liquor 
from the rccrystallization was reduced to a volume of 200 ml 
and cooled to 0° C. This afforded an additional 2.30 g of a 
material that was pure by tic but had a reddish color. M.p. 
266°-274° C. Anal, for C 14 H 13 N 3 0 5 . Found (calc); C: 35 
55.41(55.45); H: 4.23(4.32); N: 14.04(13.86). 'H-NMR (90 
MHz; DMSO-do): 8.02 ppm (dj=7;32 Hz, 1HJI-6); 7.39 
(s,5H, Ph); 7.01 (dj=7.32 Hz.lH.H-5); 5.19 (s,2H, PhC 
H 2 — ); 4.52 (s,2H). 
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EXAMPLE 27 

N 4 -Benzyloxycarbonyl-l -Boc-aeg-cytosine (12) 

To a solution of (N-Boc-2-aminoethyl)glycine (2) in 
DMF, prepared as described above, was added triethyl 
amine (7.00 ml; 50.8 mmol) and N 4 -benzyloxycarbonyl-N l - 
carboxymethyl-cytosinc pentafluorophenyl ester (1 1, 2.70 g; 
5.75 mmol). After stirring the solution for 1 h at room 
temperature, methylene chloride (150 ml), saturated sodium 
chloride (250 ml), and 4N hydrochloric acid to pH-1 were 
added. The organic layer was separated and washed twice 
with saturated sodium chloride, dried over magnesium sul- 
fate, and evaporated to dryness, in vacuo, first with a water 
aspirator and then with an oil pump. The oily residue was 
treated with water (25 ml) and was again evaporated to 
dryness, in vacuo. This procedure then was repeated. The 
oily residue (2.80 g) was then dissolved in methylene 
chloride (300 ml), petroleum ether (250 ml) was added, and 
the mixture was stirred overnight. The title compound was 
isolated by filtration and washed with petroleum ether. Tic 
(system 1) indicated substantial quantities of pentafluo- 
rophenol, but no attempt was made to remove it. Yield: 1.72 
g (59%). M.p. 156° C.(decomp.). 1 H-NMR (250 MHz. 
CDC1 3 ): Due to the limited rotation around the secondary 
amide bond several of the signals were doubled in the ratio 
2: 1 , (indicated in the list by mj, for major and mi. for minor). 
7.88 ppm (dd, 1RH-6); 7.39 (m, 5H, Ph); 7.00 (rid, 1H,H- 
5); 6.92 (b.lHJBocNH); 6.74 (b, 1H, 2NH)-? ; 5.19 (s,2H, 
Ph-CH 3 ); 4.81 ppm (s, mj., Cyt — CH 2 — CO — ); 4.62 ppm 
(s, mi., Cyt-CH 2 — CO — ); 4.23 (s, mi., CONRC 
ffcO^H); 3.98 ppm (s, mj., CONRC&CO^; 3.42-3.02 
(unres. m, — CH 2 CH 2 — and water); 1.37 (s,9H,tBu). FAB- 
MS: 504 (M+l); 448 (M+l-tBu). 

EXAMPLE 28 

N 4 -Benzyloxycarbonyl-l -Boc-aeg-cytosine 
pentafluorophenyl ester (13) 



EXAMPLE 26 



N^-Benzyloxycarbonyl-N^carboxymethyl-cytosine 
pentafluorophenyl ester (11) 

N 4 -Benzyloxycarbonyl-N l -c^rboxymethyl-cytosine (10, 
4.00 g; 13.2 mrnol) and pentafluorophenol (2.67 g; 14.5 
mmol) were mixed with DMF (70 ml), cooled to 0° C. with 
ice-water, and DCC (3.27 g; 15.8 mmol) was added. The ice 
bath was removed after 3 min and the mixture was stirred for 
3 h at room temperature. The precipitated DCU was 
removed by filtration, washed with DMF, and the filtrate was 
evaporated to dryness, in vacuo (0.2 rnmHg). The solid 
residue was treated with methylene chloride (250 ml), stirred 
vigorously for 15 min, filtered, washed twice with diluted 
sodium hydrogen carbonate and once with saturated sodium 
chloride, dried over magnesium sulfate, and evaporated to 
dryness, in vacuo. The solid residue was recrystallized from 
2-propanol (150 ml) and the crystals were washed thor- 
oughly with ether. Yield 3.40 g (55%). M.p. 241°-245° C. 
Anal. forC 20 H l2 N 3 F 5 0 5 . Found (calc.); C: 51 .56(51.18); H: 
2.77(258); N: 9.24 (8.95). 1 H-NMR (90 MHz; CDd 3 ): 7.66 
ppm (dj=7.63 Hz,lH,H-6); 7.37 (s,5H,Ph); 7.31 (dj=7.63 
Hz,lH,H-5); 5.21 (s,2H.PhCH2~); 4.97 (s,2H,NCH 2 -). 
FAB-MS: 470 (M+l) 



40 N 4 -Benzyloxycarbonyl-1 -Boc-aeg-cytosine (12, 1.50 g; 
2.98 mmol) and pentafluorophenol (548 mg; 2.98 mmol) 
was dissolved in DMF (10 ml) Methylene chloride (10 ml) 
was added, the reaction mixture was cooled to 0° C. in an ice 
^ bath, and DCC (676 mg; 3.28 mmol) was added. The ice 

45 bath was removed after 3 min and the mixture was stirred for 
3 h at ambient temperature. The precipitate was isolated by 
filtration and washed once with methylene chloride. The 
precipitate was dissolved in boiling dioxane (150 ml) and 
the solution was cooled to 15° C, whereby DCU precipi- 

50 tated. The DCU was removed by filtration and the resulting 
filtrate was poured into water (250 ml) at 0° C. The title 
compound was isolated by filtration, was washed with water, 
and dried over sicapent, in vacuo. Yield 1.30 g (65%). 
Analysis for C2 9 H 28 N 3 0 8 F 3 . Found (calc); C: 52.63(52.02); 

55 H: 4.41(4.22); N: 0.55(10.46). 'H-NMR (250 MHz; DMSO- 
dg): showed essentially the spectrum of the above acid, most 
probably due to hydrolysis of the ester. FAB-MS: 670 
(M+l); 614(M+l-tBu) 
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EXAMPLE 29 



4-ChJorocarboxy-9-chloroacridine 

4-Carboxyacridone (6.25 g; 26.1 mmol), thionyl chloride 
65 (25 ml), and 4 drops of DMF were heated gently under a 
flow of nitrogen until all solid material had dissolved. The 
solution then was refluxed for 40 min. The solution was 
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cooled and excess thionyl chloride was removed in vacuo. 
The last traces of thionyl chloride were removed by 
coevaporation with dry benzene (dried over Na-Pb) twice. 
The remaining yellow powder was used directly in the next 
reaction. 

EXAMPLE 30 

4-(5-Methoxycarbonylpentylamidocarbonyl)- 
9-chloroacridine 

Methyl 6-aminohcxanoatc hydrochloride (4.70 g; 25.9 
mmol) was dissolved in methylene chloride (90 ml), cooled 
to 0° C, triethyl amine (15 ml) was added, and the resulting 
solution then was immediately added to the acid chloride 
from above. The roundbottomcd flask containing the acid 
chloride was cooled to 0° C. in an ice bath. The mixture was 
stirred vigorously for 30 min at 0° C. and 3 h at room 
temperature. The resulting mixture was filtered to remove 
the remaining solids, which were washed with methylene 
chloride (20 ml). The red-brown methylene chloride filtrate 
was subsequently washed twice with saturated sodium 
hydrogen carbonate, once with saturated sodium chloride, 
dried over magnesium sulfate, and evaporated to dryness, in 
vacuo. To the resulting oily substance was added dry ben- 
zene (35 ml) and ligroin (60°-80° C, dried over Na-Pb). The 
mixture was heated to reflux. Activated carbon and celite 
were added and mixture was refluxed for 3 min. After 
filtration, the title compound crystallised upon cooling with 
magnetic stirring. It was isolated by filtration and washed 
with petroleum ether. The product was stored over solid 
potassium hydroxide. Yield 5.0 g (50%). 

EXAMPLE 31 

4-(5 -Methoxycarbonylpentyl)amidocarbonyl-9- [6- 
(4 M -mtrobenzanu^o)hexylajruno]- 

4-(5-Mcthoxycarbonylpentylamidocarbonyl>9-chloro- 
acridine (1 .30 g; 3.38 mmol) and phenol (5 g) were heated 
to 80° C. for 30 min under a flow of nitrogen, after which 
6-(4-nitrobenzamido)-l-hexylamine (897 mg; 3.38 mmol) 
was added. The temperature raised to 120° C for 2 h. The 
reaction mixture was cooled and methylene chloride (80 ml) 
was added. The resulting solution was washed three times 
with 2N sodium hydroxide (60 ml portions) and once with 
water, dried over magnesium sulfate, and evaporated to 
dryness, in vacuo. The resulting red oil (1.8 g) was dissolved 
in methylene chloride (40 ml), cooled to 0° C. Ether (120 
ml) was added and the resultant solution was stirred over- 
night. This results in a mixture of solid material and an oil. 
The solid was isolated by filtration. The solid and the oil 
were re-dissolved in methylene chloride (80 ml) and added 
dropwise to cold ether (150 ml). After 20 minutes of stirring, 
the title compound was isolated by filtration in the form of 
orange crystals. The product was washed with ether and 
dried in vacuo over potassium hydroxide Yield 1.60 g 
01%). M.p. 145°-147° C. 
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EXAMPLE 32 

4-(5-Ca^boxypcntyl)amidoca^bo^yl-9-[6 t -(4 ,, - 
nitrobcnzarmdo)hcxylamino]-ammoacridinc 

4-(5-Methoxycarbonylpentyl)amidocarbonyl-9-[6 , -(4''- 
mtroberizamido)hexylarJimo]anunoacridme (503 mg; 0.82 65 
mmol) was dissolved in DMF (30 ml), and 2N sodium 
hydroxide (30 ml) was added. After stirring for 15 min, 2N 



hydrochloric acid (35 ml) and water (50 ml) were added at 
0° C. After stirring for 30 min, the solution was decanted, 
leaving an oily substance which was dissolved in boiling 
methanol (150 ml), filtered and concentrated to V6 volume. 
To the methanol soluuon were added ether (125 ml) and 5-6 
drops of HO in ethanol. The soluuon was decanted after 1 
h of stirring at 0° C. The oily substance was redissolved in 
methanol (25 ml) and precipitated with ether (150 ml). The 
title compound was isolated as yellow crystals after stirring 
overnight. Yield 417 mg (80%). M.p. 173° C. (decomp.). 

EXAMPLE 33 

(a) 4-(5-pentafluorophenyloxycarbonylpentyl)- 
amidacarbonyl-9-[6 , -(4 l, -nitrobenzamido)- 
hexylaminoj-aminoacridine (Ac^Opfp) 

The acid from above (300 mg; 0.480 mmol) was dissolved 
in DMF (2 ml) and methylene chloride (8 ml) was added. 
Pentafluorophenol (97 mg; 0.53 mmol), transferred with 2x2 
ml of the methylene chloride, was added. The resulting 
solution was cooled to 0° C. after which DCC (124 mg; 0.60 
mmol) was subsequently added. The ice bath was removed 
after 5 minutes and the mixture was left with stirring 
overnight. The precipitated DCU was removed by centrifu- 
gation and the centrifugate was evaporated to dryness, in 
vacuo, first by a water aspirator and then by an oil pump. The 
residue was dissolved in methylene chloride (20 ml), fil- 
tered, and evaporated to dryness, in vacuo. The residue was 
again dissolved in methylene chloride and petroleum ether 
(150 ml). A 1 ml portion of 5M HC1 in ether was added. The 
solvent was removed by decanting after 30 min of stirring at 
0° C The residual oily substance was dissolved in methyl- 
ene chloride (100 ml). Petroleum ether (150 ml) was added 
and the mixture was left with stirring overnight. The next 
day the yellow precipitated crystalline material was isolated 
by filtration and was washed with copious amounts of 
petroleum ether. Yield, after drying, 300 mg (78%). M.p. 
97.5* C. (decomp.) All samples showed satisfactory elemen- 
tal analysis, l H- and I3 C-NMR and mass spectra. 

(b) Experimental for the synthesis of PNA 
compounds, cf. FIG. 1 

Materials: Boc-Lys(QZ), benzhydrylamine-copoly-(sty- 
rene-l%-divinylbenzene) resin (BHA resin), and p-methyl- 
benzhydrylamine-copoly(styrene- 1 %-divinylbenzene) resin 
(MBHA resin) were purchased from Peninsula Laboratories. 
OtheT reagents and solvents were: Biograde trifluoroacetic 
acid from Halocarbon Products; diisopropylethylamine 
(99%; was not further distilled) and N-acetylimidazole 
(98%) from Aldrich; H 2 0 was distilled twice; anhydrous HF 
from Union Carbide; synthesis grade N,N-dimethylforma- 
mide and analytical grade methylene chloride (was not 
further distilled) from Merck; HPLC grade acetonitrile from 
Lab-Scan; purum grade anisole, N.N'-dicyclohexylcarbodi- 
imide, and puriss. grade 2,2^-trifluoroethanol from Fluka. 

(c) General Methods and Remarks 

Except where otherwise stated, the following applies. The 
PNA compounds were syntheziscd by the stepwise solid- 
phase approach (Merrificld, I Am. Chem. Soc, 1963, 85, 
2149) employing conventional peptide chemistry utilizing 
theTFA-labile tert-butyloxycarbonyl (Boc) group for "tem- 
porary" N-protection (Merrifield, / Am. Chem. Soc. 1964. 
86, 304) and the more acid-stable bcnzyloxycarbonyl (Z) 
and 2-chlorobcnzyloxycarbonyl (C1Z) groups for "perm a- 
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nent" side chain protection. To obtain C-terminal amides, the 
PNAs were assembled onto the HF-labile BHA or MB HA 
resins (the MB HA resin has increased susceptibility to the 
final HF cleavage relative to the unsubstituted BHA resin 
(Matsueda, et al., Peptides, 1981, 2, 45). All reactions 5 
(except HF reactions) were carried out in manually operated 
standard solid-phase reaction vessels fitted with a coarse 
glass frit (Merrifield, et al., Biochemistry, 1982, 21, 5020). 
The quantitative ninhydrin reaction (Kaiser test), originally 
developed by Merrifield and co-workers (Satin, et al., Anal. 
Biochem.. 1981, 117, 147) for peptides containing "normal" 
amino acids, was successfully applied (see Table I— III) using 
the "normally" employed effective extinction coefficient 
e=15000 M cm -1 for all residues to determine the com- 
pleteness of the individual couplings as well as to measure 
the number of growing peptide chains. The theoretical 15 
substitution S n _ l upon coupling of residue number n (assum- 
ing both complete deprotection and coupling as well as 
neither chain termination nor loss of PNA chains during the 
synthetic cycle) is calculated from the equation: ^ 

where AMW is the gain in molecular weight ([AMW]=g/ 
mol) and is the theoretical substitution upon coupling 
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EXAMPLE 34 



Solid-Phase Synthesis of Acr^fTaegl^-NHj and 
ShorteT Derivatives 

(a) Stepwise Assembly of Boc-[Taeg] 15 -BHA" Resin 
The synthesis was initiated oh 100 mg of preswollcn and 
neutralized BHA resin (determined by the quantitative nin- 
hydrin reaction to contain 0.57 mmol NH 2 /g) employing 
single couplings ("Synthetic Protocol 1") using 3.2 equiva- 
lents of BocTaeg-OPfp in about 33% DMF/CH 2 C1 2 . The 
individual coupling reactions were carried out by shaking 
for at least 12 h in a manually operated 6 ml standard 
solid-phase reaction vessel and unreacted amino groups 
were blocked by acetylation at selected stages of the syn- 
thesis. The progress of chain elongation was monitored at 
several stages by the quantitative ninhydrin reaction (see 
Table I). Portions of protected Boc-[Taeg] 5 -BHA, Boc- 
[Taeg3 I0 -BHA t and Boc-[Taeg] )3 -BHA resins were taken 
out after assembling 5, 10, and 15 residues, respectively. 



Remaining Free Amino 
Substitution After Groups After Estimated 
Deprotection (ymol/g) Extent of 
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ND 


0.44 


1.43 
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BocTaeg 


0.29 


0.39 


3.33 




99.3 
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0.27 


0.35 


13.30 




96.3 
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BocTaeg 


0.26 


0.32 
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ND 


0.30 
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ND 


0.28 
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7.22 
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0.26 
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ND 


0.24 


30.33 




93.2 
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' 0.16 


0.23 


11.67 
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11 
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ND 


0.21 


4.58 




>99.9 


12 
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ND 


0.20 


5.87 




<99.4 


13 


BocTaeg 


ND 


0,19 


1.67 




>99.9 


14 


BocTaeg 


ND 


0.18 


14.02 




<93.1 


15 


BocTaeg 


0.07 


0.17 


4.20 


3.33 


>99.9 



of the preceding residue n-1 ([S]=nunol/g). The estimated 
value (%) on the extent of an individual coupling is calcu- 30 
la ted relative to the measured substitution (unless S was not 
determined) and include correction for the number of 
remaining free amino groups following the previous cycle. 
HF reactions were carried out in a Diaflon HF apparatus 
from Toho Kasei (Osaka, Japan). Vydac C 18 (5 urn, 0.46x25 55 
cm and 5 urn, 1.0x25 cm) reverse-phase columns, respec- 
tively were used for analytical and semi-preparative HPLC 
on an SP8000 instrument. Buffer A was 5 vol % acctonitrile 
in water containing 445 ul trifluoroacetic acid per liter, and 
buffer B was 60 vol % acctonitrile in water containing 390 60 
ul trifluoroacetic acid per liter. The linear gradient was 
0-100% of buffer B in 30 min, flow rates 1.2 ml/min 
(analytical) and 5 ml/min (semi-preparative). The clucnts 
were monitored at 215 nm (analytical) and 230 nm (semi- 
preparative). Molecular weights of the PNAs were deter- 65 
mined by 252 Cf plasma desorption time-of-flight mass specr 
trometry from the mean of the most abundant isotopes. 



(b) Synthesis of Acr'-tTaegl^-BHA Resin 
Following deprotection of the residual Boc-[Taeg] )3 - 

BHA resin (estimated dry weight is about 30 mg; -0.002 
mmol growing chains), the H-[Taeg] 15 -BHA resin was 
reacted with about 50 equivalents (80 mg; 0.11 mmol) of 
Acr'-OPfp in 1 ml of about 66% DMF/CH 2 C1 2 (i.e., a 0. 1 1M 
solution of the pentafluorophenylester) in a 3 ml solid-phase 
reaction vessel. As judged by a qualitative ninhydrin reac- 
tion, coupling of the acridine moiety was close to quantita- 
tive. 

(c) Cleavage, Purification, and Identification of H-[Taeg] 
3 -NH 2 

A portion of protected Boc-[Taeg] r BHA resin was 
treated with 50% trifluoroacetic acid in methylene chloride 
to remove the N-tcrminal Boc group (which is a precursor of 
the potentially harmful tcrt-butyl cation) prior to the HF 
cleavage. Following neutralization and washing (performed 
in a way similar to those of steps 2-4 in "Synthetic Protocol 
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1"), and drying for 2 h in vacuum, the resulting 67.1 mg (dry 
weight) of H-[Taeg] 5 -BHA resin was cleaved with 5 ml of 
HF:anisole (9:1, v/v) stirring at 0° C. for 60 min. After 
removal of HF, the residue was stirred with dry diethyl ether 
(4x15 ml, 15 min each) to remove anisole, filtered under 5 
gravity through a fritted glass funnel, and dried. The PNA 
was then extracted into a 60 ml (4x15 ml, stirring 15 min 
each) 10% aqueous acetic acid solution. Aliquots of this 
solution were analyzed by analytical rcvcrsc-phase HPLC to 
establish the purity of the crude PNA. The main peak at 13.0 0 
min accounted for about 93% of the total absorbancc. The 
remaining solution was frozen and lyophilizcd to afford 
about 22.9 mg of crude material. Finally, 19.0 mg of the 
crude product was purified from five batches, each contain- 
ing 3.8 mg in 1 ml of H 2 0. The main peak was collected by 15 
use of a semi-preparative reverse-phase column. Acetonitrile 
was removed on a speed vac and the residual solution was 
frozen (dry ice) and subsequently lyophilized to give 13.1 
mg of >99% pure H-[Taeg] r NH 2 . The PNA molecule 
readily dissolved in water and had the correct molecular 
weight based on mass spectral determination. For (M+H)' 
the calculated m/z value was 1349,3 and the measured m/z 
value was 1347.8. 
(d) Cleavage, Purification, and Identification of 
H-[Taeg] I0 -NH 2 25 
A portion of protected Boc-[Taeg] i0 -BHA resin was 
treated as described in section (c) to yield 1 1 .0 mg of crude 
material upon HF cleavage of 18.9 mg dry H-[Taeg] l0 -BHA 
resin. The main peak at 15.5 min accounted for about 53% 
of the total absorbance, About 1 mg of the crude product was 30 
purified repeatedly (for reasons described below) to give 
approximately 0.1 mg of at least 80% but presumably >99% 
pure H-[Tacg] 10 -NH 2 . A rather broad tail eluting after the 
target peak and accounting for about 20% of the total 
absorbance could not be removed (only slightly reduced) 35 
upon the repeated purification. Judged by the mass spec- 
trum, which only confirms the presence of the correct 
molecular weight H-(Taeg]i 0 -NH 2 , the tail phenomonen is 
ascribed to more or less well-defined aggregational/confor- 
mauonal states of the target molecule. Therefore, the crude 40 
product is likely to contain more than the above-mentioned 
53% of the target molecule. H-[Taeg] i0 -NH 2 is readily 
dissolved in water. For (M+H) + the calculated m/z value was 
2679.6 and the measured m/z value was 2681.5. 

(c) Cleavage, Purification, and Identification of 45 
H-[Taeg] l5 -NH 2 

A portion of protected Boc-[Taeg] t3 -BHA resin was 
treated as described in section (c) to yield 3.2 mg of crude 
material upon HF cleavage of 13.9 mg dry H-[TacgJ l5 -BHA 
resin. The main peak at 22.6 min was located in a broad 
bulge accounting for about 60% of the total absorbance 
(FIG. 92). Again (see the preceding section), this bulge is 
ascribed to aggregational/conformational states of the target 
molecule H-[Taeg] 13 -NH2 since mass spectral analysis of 55 
the collected "bulge* did not significantly reveal the pres- 
ence of other molecules. All of the crude product was 
purified collecting the "bulge" to give approximately 2.8 mg 
material. For (M+Na) + the calculated m/z value was 4033.9 
and the measured m/z value was 4032.9. 

(f) Cleavage, Purification, and Identification of Acr 1 
[Taegl ls -NH 2 

A portion of protected Acr^fTaegj^-BHA resin was 
treated as described in section (b) to yield 14.3 mg of crude 
material upon HF cleavage of 29.7 mg dry Acr^Taeg]^- 65 
BHA resin. Taken together, the main peak at 23.7 min and 
a "dimer" (see below) at 29.2 min accounted for about 40% 
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of the total absorbance (FIG. 9b). The crude product was 
purified repeatedly to give approximately 1 mg of presum- 
ably >99% pure Acr l -[Taeg] 15 -NH 2 "contaminated" with 
self-aggregated molecules eluting at 274 min, 29.2 min, and 
finally as a huge broad bulge eluting with 100% bufTer B 
(FIG. 9c). This interpretation is in agreement with the 
observation that those peaks grow upon standing (for hours) 
in aqueous acetic acid solution, and finally precipitate out 
quantitatively. For (M+H) + the calculated m/z value was 
4593.6 and the measured m/z value was 4588.7. 
(g) Synthetic Protocol 1 

(1) Boc-deprotection with TFA/CH 2 C1 2 (1:1, v/v), 3 ml, 
3x1 min and 1x30 min; (2) washing with CH 2 C1 2 , 3 ml, 6x1 
min; (3) neutralization with DIEA/CH 2 C1 2 (1:19, v/v), 3 ml, 
3x2 min; (4) washing with CH^, 3 ml, 6x1 min, and drain 
for 1 min; (5) 2-5 mg sample of PNA-resin may be taken out 
and dried thoroughly for a quantitative ninhydrin analysis to 
determine the substitution; (6) addition of 3.2 equiv. (0. 1 8 
mmol; 100 mg) BocTaeg-OPfp dissolved in 1 ml CH 2 C1 2 
followed by addition of 0.5 ml DMF (final concentration of 
pentafiuorophenylester -0.12M); the coupling reaction was 
allowed to proceed for a total of 12-24 h shaking at room 
temperature; (7) washing with DMF, 3 ml, 1x2 min; (8) 
washing with CH 2 C1 2 , 3 ml, 4x1 min; (9) neutralization with 
DIEA/CH 2 C1 2 (1:19, v/v). 3 ml , 2x2 min; (1 0) washing with 
CH 2 C1 2 * 3 ml, 6x1 min; (1 1) 2-5 mg sample of protected 
PNA-resin is taken out for a rapid qualitative ninhydrin test 
and further 2-5 mg is dried thoroughly for a quantitative 
ninhydrin analysis to determine the extent of coupling (after 
cycles 7, 10, and 15 unreacted amino groups were blocked 
by acetylation with N-acetylimidazol in methylene chlo- 
ride). 

EXAMPLE 35 

Solid-Phase Synthesis of Acr'-fTaegl^-Lys-NHa 
and Shorter Derivatives 

(a) Stepwise Assembly of Boc-[Taegl l5 -Lys(ClZ)-BHA 
Resin 

The synthesis was initiated by a quantitative loading 
(standard DOC in situ coupling in neat CHjClJ of Boc- 
Lys(ClZ) onto 100 mg of preswollen and neutralized BHA 
resin (0.57 mmol NH^g). Further extension of the protected 
PNA chain employed single couplings ("Synthetic Protocol 
2") for cycles 1 to 5 and cycles 10 to 15 using 3.2 
equivalents of BocTaeg-OPfp in about 33% DMF/CH 2 C1 2 . 
Cycles 5 to 10 employed an extra straight DCC (i.e., in situ) 
coupling of the free acid BocTaeg-OH in about 33% DMF/ 
CH 2 C1 2 . All coupling reactions were carried out by shaking 
for at least 12 h in a manually operated 6 ml standard 
solid-phase reaction vessel. Unreacted amino groups were 
blocked by acetylation at the same stages of the synthesis, as 
was done in Example 34. Portions of protected Boc-[Taeg] 
r Lys(ClZ)-BHA and Boc-[Taeg] 10 -Lys(ClZ)-BHA resins 
were taken out after assembling 5 and 10 PNA residues, 
respectively. As judged by the analytical HPLC chromato- 
gram of the crude cleavage product from the Boc-[Tacg] 10 - 
Lys(ClZ)-BHA resin (see section (e)), an additional "free 
acid" coupling of PNA residues 5 to 10 gave no significant 
improvement of the synthetic yield as compared to the 
throughout single-coupled residues in Example 34. 

(b) Synthesis of Acr 1 -[Taeg] 10 -Lys(ClZ)-BHA Resin 
Following deprotection of a portion of Boc-[Taeg] lo - 

Lys(ClZ)-BHA resin (estimated dry weight is about 90 mg; 
-0.01 mmol growing chains), the H-[Taeg]i S -BHA resin 
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was reacted with about 20 equivalents (141 mg; 0. 19 mmol) 
of Acr'-OPfp in 1 ml of about 66% DMF/CH 2 C1 2 in a 3 ml 
solid-phase reaction vessel. As judged by a qualitative 
ninhydrin reaction, coupling of the acridine moiety was 
close to quantitative. 5 

(c) Synthesis of Acr^tTaegJis-LysCClZVBHA Resin 
Following deprotection of the residual Boc-[Taeg] 13 -Ly- 

s(C1Z)-BHA resin (estimated dry weight about 70 mg; 
-0.005 mmol growing chains), the H-[1aeg] l5 -Lys(ClZ)- 
BHA resin was reacted with about 25 equivalents (91 mg; 10 
0.12 mmol) of Acr'-OPfp in 1 ml of about 66% DMF/ 
CH 2 C1 2 in a 3 ml solid-phase reaction vessel. As judged by 
a qualitative ninhydrin reaction, coupling of the acridine 
moiety was close to quantitative. 

(d) Cleavage, Purification, and Identification of 15 
H-[Taeg] 3 -Lys-NH 2 

A portion of protected Boc-[Taeg] 3 -Lys(ClZ)-BHA resin 
was treated as described in Example 34c to yield 8.9 mg of 
crude material upon HF cleavage of 19.0 mg dry H-[Taeg] 
5 -Lys(ClZ)-BHA resin. The main peak at 1 2.2 min (eluted at 20 
14.2 min if injected from an aqueous solution instead of the 
10% aqueous acetic acid solution) accounted for about 90% 
of the total absorbancc. About 2.2 mg of the crude product 
was purified to give approximately 1.5 mg of 99% pure 
H-[Taeg] 5 -Lys-NH 2 . 25 

(e) Cleavage, Purification, and Identification of 
H-[Taeg] 10 -Lys-NH 2 

A portion of protected Boc-[Tacg] 10 -Lys(ClZ)-BHAresin 
was treated as described in Example 34c to yield 1.7 mg of 30 
crude material upon HF cleavage of 7.0 mg dry H-[Taeg] 
l0 -Lys(ClZ)-BHA resin. The main peak at 15,1 min (eluted 
at 17.0 min if injected from an aqueous solution instead of 
the 10% aqueous acetic acid solution) accounted for about 
50% of the total absorbance. About 1.2 mg of the crude 35 
product was purified to give approximately 0.2 mg of >95% 
pure H-[Taeg] 10 -Lys-NH 2 . FIG. 7a. For (M+HT the calcu- 
lated m/z value was 2807.8 and the measured m/z value was 
2808.2. 

(0 Cleavage, Purification, and Identification of Acr 1 - 40 
[Taeg] 10 -Lys-NH 2 

99.1 mg protected Acr l -[Taeg] 10 -Lys(ClZ>BHA resin 
(dry weight) was cleaved as described in Example 34c to 
yield 42.2 mg of crude material. The main peak at 25.3 min 
(eluted at 23.5 min if injected from an aqueous solution 45 
instead of the 10% aqueous acetic acid solution) accounted 
for about 45% of the total absorbance. An 8.87 mg portion 
of the crude product was purified to give approximately 5.3 
mg of >97% pure H-[Taeg] 10 -Lys-NH 2 . For (M+H) * the 
calculated m/z value was 2850.8 and the measured m/z value 50 
was 2849.8. 

(g) Cleavage and Purification of Acr^Taegj^-Lys-NHz 
A 78.7 mg portion of protected Act l -[Taeg] 15 -Lys(ClZ)- 

BHA BHA resin (dry weight) was cleaved as described in 
Example 34 (c) to yield 34.8 mg of crude material. The main 
peak at 23.5 min (about the same elution time if injected 
from an aqueous solution instead of the 10% aqueous acetic 
acid solution) and a "dimer" at 28.2 min accounted for about 
35% of the total absorbance. About 4 J mg of the crude ^ 
product was purified to give approximately 1.6 mg of 
presumably >95% pure H-[Taeg]j 0 -Lys-NH 2 . This com- 
pound could not be free of the "dimer^ peak, which grew 
upon standing in aqueous acetic acid solution. 

(h) Synthetic Protocol 2 6S 
(1) Boc-deprotection with TFA/CH 2 Q 2 (1:1, v/v), 3 ml, 

3x1 min and 1x30 min; (2) washing with CH 2 C1 2 , 3 ml, 6x1 
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min; (3) neutralization with DIEA/CH 2 C1 2 (1:19, v/v), 3 ml. 
3x2 min; (4) washing with CH 2 C1 2 , 3 ml, 6x1 min, and drain 
for 1 min; (5) 2-5 mg sample of PNA -resin can be taken out 
and dried thoroughly for a qualitative ninhydrin analysis; (6) 
for cycles 1 to 5 and cycles 10 to 15 the coupling reaction 
was carried out by addition of 3.2 equiv. (0.18 mmol; 100 
mg) BocTaeg-OPfp dissolved in 1 ml CHjC^ followed by 
addition of 0.5 ml DMF (final concentration of penlafluo- 
rophenylester -0.1 2M); the coupling reaction was allowed 
to proceed for a total of 12-24 h with shaking; cycles 5 to 
10 employed an additional 0.1 2M DCC coupling of 0.12M 
BocTaeg-OH in 1 .5 ml DMF/CH 2 C1 2 (1 :2, v/v); (7) washing 
with DMF, 3 ml, 1x2 min; (8) washing with CH 2 C1 2 , 3 ml, 
4x1 min; (9) neutralization with DIEA/CH 2 C1 2 (1:19, v/v), 
3 ml, 2x2 min; (10) washing with CH 2 C1 2 , 3 ml, 6x1 min; 
(11) 2-5 mg sample of protected PNA-resin is taken out for 
a qualitative ninhydrin test (after cycles 7, 10, and 15 
unreacted amino groups were blocked by acetylation with 
N-acetylimidazol in methylene chloride). 

EXAMPLE 36 

Improved Solid-Phase Synthesis of 
H-[Taeg] 10 -Lys-NH 2 

The protected PNA was assembled onto an MBHA resin, 
using approximately half the loading of the BHA resin used 
in the previous examples. Furthermore, all cycles except one 
was followed by acetylation of uncoupled amino groups. 
The following describes the synthesis in full detail: 

(a) Preparation of Boc-Lys(ClZ)-NH-CH (p-CH 3 — 
C 6 H 4 >— C 6 H 4 Resin (MBHA Resin) with an Initial Substi- 
tution of 0.3 mmol/g 

The desired substitution of Boc-Lys(ClZ)-MBHA resin 
was 0.25-0.30 mmol/g. In order to get this value, 1.5 mmol 
of Boc-Lys(ClZ) was coupled to 5.0 g of neutralized and 
preswollen MBHA resin (determined by the quantitative 
ninhydrin reaction to contain 0.64 mmol NH^g) using a 
single "in situ M coupling (3.5 mmol of DCC) in 60 ml of 
CH 2 C1 2 . The reaction was carried out by shaking for 3 h in 
a manually operated, 225 ml, standard, solid-phase reaction 
vessel. Unreacted amino groups were then blocked by 
acetylation with a mixture of acetic anhydridc/pyridine/ 
CH 2 C1 2 (1:1:2, v/v/v) for 18 h. A quantitative ninhydrin 
reaction on the neutralized resin showed that only 0.00093 
mmol/g free amine remained (see Table I), i.e. 0.15% of the 
original amino groups. The degree of substitution was 
estimated by deprotection and ninhydrin analysis, and was 
found to be 0.32 mmol/g for the neutralized H-Lys(ClZ)- 
MBHA resin. This compares well with the maximum value 
of 0.28 mmol/g for a quantitative coupling of 0.30 mmol 
Boc-Lys(ClZ)/g resin (see Table II). 

(b) Stepwise Assembly of Boc-[Taeg] 3 -Lys(ClZ)-MBHA 
Resin 

The entire batch of H-Lys(ClZ)-MBHA resin prepared in 
section (a) was used directly (in the same reaction vessel) to 
assemble Boc-[Taeg] 3 -Lys(aZ)-MBHA resin by single cou- 
plings ("Synthetic Protocol 3") utilizing 2.5 equivalents of 
BocTaeg-OPfp in neat CHjCl^ The quantitative ninhydrin 
reaction was applied throughout the synthesis (see Table II). 

(c) Stepwise Assembly of Boc-[Taeg]g-Lys(CIZ)-MBHA 
Resin 

About 4.5 g of wet Bcc-[Taeg] 3 -Lys(ClZ)-MBHA resin 
(-0.36 mmol growing chains; taken out of totally -19 g wet 
resin prepared in section (b)) was placed in a 55 ml SPPS 
reaction vessel. Boc-[Taeg) g -Lys(ClZ)-MBHA resin was 
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assembled by single couplings ("Synthetic Protocol 4") 
utilizing 2.5 equivalents of BocTaeg-OPfp in about 30% 
DMF/CH 2 C1 2 . The progress of the synthesis was monitored 
at all stages by the quantitative ninhydrin reaction (see Table 
ID. 5 

(d) Stepwise Assembly of Boc-[Taeg] 10 -Lys(ClZ)-MBHA 
Resin 

About 1 g of wet Boc-[TacgJ 8 -Lys(ClZ)-MBHA resin 
(-0.09 mmol growing chains; taken out of totally -4 g wet 
resin prepared in section (c)) was placed in a 20 ml SPPS 10 
reaction vessel. B<x>[Tacg] l0 -Lys(ClZ)-MBHA resin was 
assembled by the single-coupling protocol employed in the 
preceding section utilizing 2.5 equivalents of BocTaeg-OPfp 
in about 30% DMF/CH 2 C1 2 . The reaction volume was 3 ml 
(vigorous shaking). The synthesis was monitored by the 15 
quantitative ninhydrin reaction (see Table II). 
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about 75% of the total absorbance. A 4.8 mg portion of the 
crude product was purified to give approximately 3.5 mg of 
>95% pure Ac-[Taeg] 10 -Lys-NH 2 . For (M+H) + the calcu- 
lated m/z value=2849.8 and the measured m/z value= 
2848.8. 
(h) Synthetic Protocol 3 

(1 ) Boc-deprotection with TFA/CH 2 C1 2 (1:1, v/v), 1 00 ml, 
3x1 min and 1x30 min; (2) washing with CH 2 C1 2 , 100 ml] 
6x1 rnin; (3) neutralization with DIEA/CH 2 C1 2 (1:19, v/v)' 
100 ml, 3x2 min; (4) washing with CH 2 C1 2 , 100 ml, 6x1 
min, and drain for 1 min; (5) 2-5 mg sample of PNA-resin 
is taken out and dried thoroughly for a quantitative ninhy- 
drin analysis to determine the substitution; (6) addition of 
2.5 equiv. (3.75 mmol; 2.064 g) BocTaeg-OPfp dissolved in 
35 ml CH 2 C1 2 (final concentration of pentafluorophenylester 
-0.1M); the coupling reaction was allowed to proceed for a 



Remaining Free Amino 

Substitution After Groups After Estimated 

Deprotection (umol/g) Extent of 

Synthetic Residue (mmol/g) Single , Coupling 



Step 


Coupled 


Measd 


Theoret 


Coupling 


Aceiylaiion 


(%) 


"0" 


BocLys(CIZ) 


032 


0.28 




0.93 




1 


BocTaeg 


0.23 


0.26 


0.97 


0.54 


>99.9 


2 


BocTaeg 


0.21 


0.24 


0.92 


0.46 


99.8 


3 


BocTaeg 


0.19 


0.23 


1.00 


0.57 


99.7 


4 


BocTaeg 
BocTaeg 


0.18 


0.21 


1.85 




99.3 


5 


0.17 


0.20 


2.01 


0.19 


99.9 


6 


BocTaeg 


0.15 


0.19 


1.69 


0.10 


99.0 


7 


BocaTcg 


0.11 


0.18 


1.11 


0.66 


99.1 


8 


BocTaeg 


0.12 


0,17 


1.82 


0.44 


99.0 


9 


BocTaeg 


0.10 


0.17 


5.63 


0.56 


94.8 


to 


BocTaeg 


0.11 


0.16 


1.54 


0.67 


99.1 



(e) Synthesis of ACT[Taeg] l0 -Lys(ClZ)-MBHA Resin 
Following deprotection of a portion of Boc-[Taeg] 10 - 

Lys(ClZ)-MBHA resin (estimated dry weight is about 45 
mg), the resin was next acetylated quantitatively with a 2 ml 40 
mixture of acetic aruiyande/pyridine/CHaClz (1:1:2, v/v/v) 
for 2 h in a 3 ml solid-phase reaction vessel. 

(f) Cleavage, Purification, and Identification of 
H-[Taeg] l0 -Lys-NH 2 

A portion of protected Boc-[Taeg] 10 -Lys(ClZ)-BHA resin 45 
was treated as described in Example 34c to yield about 24 
mg of crude material upon HF cleavage of 76 mg dry 
H-[Taeg] r Lys(ClZ)-BHAresin. The main peak at 15.2 min 
(which includes impurities such as deletion peptides and 
various byproducts) accounted for about 78% of the total 50 
absorbance. 'fhe main peak also accounted for about 88% of 
the "main peak plus deletion peaks" absorbance, which is in 
good agreement with the overall estimated coupling yield of 
90.1% obtained by summarizing the individual coupling 
yields in Table II. A 7.2 mg portion of the crude product was 55 
purified from two batches by use of a semi-preparative 
reverse-phase column, (collecting the main peak in a beaker 
cooled with dry ice/2-propanol). Each contained 3.6 mg in 
1 ml of H 2 0. The frozen solution was lyophilized directly 
(without prior removal of acetonitrile on a speed vac) to give 
4.2 mg of 82% pure H-[Taeg] 10 -Lys-NH 2 . 

(g) Cleavage, Purification, and Identification of Ac-[Taeg] 
10 -Lys-NH 2 

A 400.0 mg portion of protected Ac-[Taeg3 10 -Lys(ClZ)- 
BHA resin (dry weight) was cleaved as described in 65 
Example 34c, except for the TFA treatment to yield 1 1.9 mg 
of crude material. The main peak at 15.8 min accounted for 



total of 20-24 h with shaking; (7) washing with DMF, 100 
ml, 1x2 min (to remove precipitate of BocTaeg-OH); (8) 
washing with CH 2 C1 2 , 100 ml, 4x1 min; (9) neutralization 
with DIEA/CH 2 C1 2 (1:19, v/v), 100 ml, 2x2 min; (10) 
washing with CH 2 C1 2 , 100 ml, 6x1 min; (11)2-5 mg sample 
of protected PNA-resin is taken out for a rapid qualitative 
ninhydrin test and a further 2-5 mg is dried thoroughly for 
a quantitative ninhydrin analysis to determine the extent of 
coupling; (12) blocking of unicactcd amino groups by 
acetylation with a 100 ml mixture of acetic anhydride/ 
pyridine/CHaClj (1:1:2, v/v/v) for 2 h; (13) washing with 
CH 2 C1 2 , 100 ml, 6x1 min; (14) 2x2-5 mg samples of 
protected PNA-resin are taken out, neutralized with DIEA/ 
CH 2 C1 2 (1:19, v/v) and washed with CH 2 C1 2 for qualitative 
and quantitative ninhydrin analyses! 
(i) Synthetic Protocol 4 

(1) Boc-deprotection with TFA/CH 2 C1 2 (1:1, v/v), 25 ml, 
3x1 min and 1x30 min; (2) washing with CH 2 C1 2 , 25 ml, 
6x1 min; (3) neutralization with DIEA/CH 2 C1 2 (1:19, v/v), 
25 ml, 3x2 min; (4) washing with CH 2 C1 2 , 25 ml, 6x1 min, 
and drain for 1 min; (5) 2-5 mg sample of PNA-resin is 
taken out and dried thoroughly for a quantitative ninhydrin 
analysis to determine the substitution; (6) addition of 2.5 
equiv. (0.92 mmol; 0.506 g) BocTaeg-OPfp dissolved in 6 
ml CH 2 C1 2 followed by addition of 3 ml DMF (final 
concentration of pentafluorophenylester -0.1M); the cou- 
pling reaction was allowed to proceed for a total of 20-24 
hrs with shaking; (7) washing with DMF, 25 ml, 1x2 min; 
(8) washing with CH 2 C1 2 , 25 ml, 4x1 min; (9) neutralization 
with DIEA/CH 2 C1 2 (1:19, v/v), 25 ml, 2x2 min; (10) wash- 
ing with CH 2 C1 2 , 25 ml, 6x1 min; (11) 2-5 mg sample of 
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protected PNA-resin is taken out for a rapid qualitative 
ninhydrin test and a farther 2-5 mg is dried thoroughly for 
a quantitative ninhydrin analysis to determine the extent of 
coupling; (12) blocking of unreacted amino groups by 
acetyiation with a 25 ml mixture of acetic anhydride/ 5 
pyridine/CH 2 Cl 2 (1:1:2, v/v/v) for 2 h (except after the first 
cycle); (13) washing with CH 2 C1 2 , 25 ml, 6x1 min; (14) 
2x2-5 mg samples of protected PNA-resin are taken out, 
neutralized with DIEA/CH 2 C1 2 (1:19, v/v) and washed with 
CH 2 C1 2 for qualitative and quantitative ninhydrin analyses. 10 

EXAMPLE 37 

Solid-Phase Synthesis of 
H-[Taeg] 5 -Caeg-[Taeg] 4 -Lys-NH 2 i5 

(a) Stepwise Assembly of Boc-[Taeg] J -C(z)aeg.[Taeg] 4 - 
Lys(ClZ)-MBHA Resin 

About 2.5 g of wet Boc-[Tkcg] 3 -Lys(ClZ)-MBHA resin 
(-Ye of the total remaining about 16 g wet resin; -0.75 g dry ^ 
resin -0.15 mmol growing chains) was placed in a 6 ml 
SPPS reaction vessel. Boc-[Taeg] s -Caeg-[Taeg] 4 -Lys(ClZ)- 
MBHA resin was assembled by double coupling of all 
T^eg-rcsidues utilizing the usual 2.5 equivalents of Boc- 
T^eg-OPfp in 2.5 ml about 30% DMF/CH 2 C1 2 , except that ^ 
the first residue was single-coupled. Incorporation of the 
C(Z)aeg-residue was accomplished by coupling with 2.0 
equivalents of BocC(Z)aeg-OPfp in TFE/CH 2 C1 2 (1 :2, v/v). 
The progress of the synthesis was monitored at all stages by 
the quantitative ninhydrin reaction (see Table III). 



Tris-HCl, 1 mM EDTA, pH 7.4). The sample was cooled in 
ice (15 min) and analyzed by gel electrophoresis in poly- 
acrylamide (PAGE). To 10 ul of the sample was added 2 ul 
50% glycerol, 5 TBE (TBE=90 mM Tris-borate, 1 mM 
EDTA, pH 8.3), and the sample was analysed by PAGE 
(15% acrylamide, 0.5% bisacrylamide) in TBE buffer at 4° 
C. A 10 uJ portion of- the sample was lyophilized and 
redissolved in 10 ul 80% formamide, 1 TBE, heated to 90° 
C. (5 min), and analyzed by urea/PAGE (15% acrylamide, 
0.5% bisacrylamide, 7M urea) in TBE. [ 32 P}-containing 
DNA bands were visualized by autoradiography using inten- 
sifying screens and Agfa Curix RPI X-ray films exposed at 
-80° C. for 2 h. 

Oligonucleotides were synthesized on a Bioscarch 7500 
DNA synthesizer, labelled with yt 32 P]-ATP (Amcrsham, 
5000 Ci/mmol) and polynucleotide kinase, and purified by 
PAGE using standard techniques (Maniatis ct al. (1986): A 
laboratory manual. Cold Spring Harbor Laboratories). 

EXAMPLE 39 

Formation of strand displacement complex 

A dA 10 -dT 10 target sequence contained within a plasmid 
DNA sequence was constructed by cloning of two oligo- 
nucleotides (d(GATCCA l0 G)+d(GATCCT J0 G)) into the 
BamHI restriction enzyme site of pUC19 using the Esche- 
ricia coli JM101 strain by standard techniques (Maniatis ct 
al., 1986) The desired plasmid (designated pTIO) was iso- 
lated from one of the resulting clones and purified b? the 
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0.11 
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27.98 


1.33 78.4(46) 


6 


BocTaeg 


0.10 
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24.79 


4.58 


2.40 95.4(75) 


7 


BocTaeg 


0.09 


0.18 


8.55 


1.61 


0.20 >99.9(93) 
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BocTaeg 


0.08 


0.17 


6.53 


0.80 


0.45 99.0(91) 
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BocTaeg 


0.07 
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9.26 
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0.61 94.8(86) 


10 


BocTaeg 


0.07 


a 15 


5.32 


1.48 


0.60 98.8(93) 



(b) Cleavage, Purification, and Identification of H-rTaeg] 
s -Caeg-[Taeg] 4 -Lys-NH 2 

A portion of protected Bc«-[Taeg] 3 -Cacg-[Tkeg] 4 -Ly- 
s(ClZ)-BHA resin was Created as described in Example 34 
(c) to yield about 14.4 mg of crude material upon HF 
cleavage of 66.9 mg dry H-[Taeg] 5 -Caeg-[Iaeg] 4 -Lys(ClZ)- 
BHA resin. The main peak at 14.5 min accounted for >50% 
of the total absorbance. A 100.0 mg portion of the crude 
product was purified (8 batches; each dissolved in 1 ml H 2 0) 
to give approximately 9. 1 mg of 96% pure H-[Taeg3 s -Caeg- 
[Taeg] 4 -Lys-NH 2 (FIG. lb). For (M+H) + the calculated m/z 
value=2793,8 and the measured m/z value=2790,6. 

EXAMPLE 38 

Binding of Acr 1 -(Taeg) 10 -Lys-NH 2 to dA 10 (FIG. 
8) 

Acr 1 -(Taeg) 10 -Lys (100 ng) was incubated for 15 min at 
room temperature with 50 cps 5'-[ 32 P]-end-labelled oligo- 
nucleotide (d(GATCCA 10 G)] in 20 uJ TE buffer (10 mM 



alkaline extraction procedure and CsCl centrifugation 
(Maniatis et al., 1986), A 3 l -[ 32 P]-end-labelled DNA frag- 

50 ment of 248 bp containing the dA 1( /dT 10 target sequence 
was obtained by cleaving the pTIO DNA with restriction 
enzymes EcoRI and PvuII, labelling of the cleaved DNA 
with a[ 32 P]-dATP (4000 Ci/mmol, Amersham) using the 
Klenow fragment of E. coli DNA polymerase (Boehringer 
Mannheim), and purifying the 248 bp DNA fragment by 

55 PAGE (5% acrylamide, 0.06% bisacrylamide, TBE buffer). 
This DNA fragment was obtained with [ 32 Pj-cnd-labclling at 
the 5'-end by treating the EcoRI-cleaved pTIO plasmid with 
bacterial alkaline phosphatase (Boehringer Mannheim), 
purifying the plasmid DNA by gel electrophoresis in low 

60 melting agarose, and labelling with y[ 32 P] ATP and poly- 
nucleotide kinase. Following treatment with PvuII, the 248 
bp DNA fragment was purified as above. 

The complex between Acr 1 -(Taeg) 1 p-Lys-NH 2 and the 
248 bp DNA fragment was formed by incubating 50 ng of 

65 Acr l -(Taeg) 10 -Lys-NH 2 with 500 cps 32 P-labcllcd 248 bp 
fragment and 0.5 ug calf thymus DNA in 100 ul buffer for 
60 min at 37° C. 
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EXAMPLE 40 

Probing of strand displacement complex with 

(a) Staphylococcus nuclease (FIG. 9b) 5 
The strand displacement complex was formed in 25 raM 

Tris-HCl, 1 mM MgCl 2 , 0.1 mM CaCl 2 , pH 7.4 as described 
above. The complex was treated with Staphylococcus 
nuclease (Boehringer Mannheim) at 750 U/mJ for 5 min at 
20° C. and the reaction was stopped by addition of EDTA to l0 
25 mM. The DNA was precipitated with 2 vols, of ethanol, 
2% potassium acetate redissolved in 80% formamide, TBE, 
heated to 90° C (5 min), and analyzed by high resolution 
PAGE (10% acrylamide, 0.3% bisacrylamide, 7M urea) and 
autoradiography. 15 

(b) Affinity photocleavagc (FIG. 9a+9b) 

The complex was formed in TE buffer. A sample con- 
tained in an Eppendorf tube was irradiated from above at 
300 nm (Philips TL 20 W/12 fluorescent light tube, 24 
Jm" 2 s~ ! ) for 30 min. The DNA was precipitated as above, 20 
taken up in 1M piperidine, and heated to 90° C. for 20 min. 
Following lyophilization, the DNA was analysed by PAGE 
as above. 

(c) Potassium permanganate (FIG. 9b) 

The complex was formed in 100 ul TE and 5 ul 20 mM 25 
KMn0 4 was added. After 15 s at 20° C, the reaction was 
stopped by addition of 50 ul L5M sodium acetate, pH 7.0, 
1M 2-mercaptoethanol. The DNA was precipitated, treated 
with pipcridinc and analyzed, as above. 

(d) Photofootprinting (FIG. 9b) 
The complex was formed in 100 pi TE and diazo-linked 

acridine (0.1 ng/ul) (DHA, Nielsen et al. (1988) Nucl. Acids 
Res. 16, 3877-88) was added. The sample was irradiated at 
365 nm (Philips TL 20 W/09N, 22 Jro'V 1 ) for 30 min and 35 
treated as described for "affinity photocleavage". 

(e) S r nuclease (FIG. 9c) 

The complex was formed in 50 mM sodium acetate, 200 
mM NaCl, 0.5% glycerol, 1 mM ZnCl 2> pH 4.5 and treated 
with nuclease S! (Boehringer Mannheim) at 0.5 U/ml for 5 40 
min at 20° C. The reaction was stopped and treated further 
as described under "Staphylococcus nuclease". 



42 



30 



EXAMPLE 41 



N-Benzyloxycarbonyl-N-'(bocaminoethyl)glycine 



45 



Aminoethyl glycine (52.86 g; 0.447 mol) was dissolved in 
water (900 ml) and dioxane (900 ml) was added. The pH was 
adjusted to 11.2 with 2N NaOH. While the pH was kept at 50 
11.2, tert-butyl-p-nitrophenyl carbonate (128.4 g; 0.537 
mol) was dissolved in dioxane (720 ml) and added dropwise 
over the course of 2 hours. The pH was kept at 1 1 .2 for at 
least three more hours and then left with stirring overnight. 
The yellow solution was cooled to 0° C. and the pH was 55 
adjusted to 3.5 with 2N HQ. The mixture was washed with 
chloroform (4x100 ml), and the pH of the aqueous phase 
was readjusted to 9.5 with 2N NaOH at 0° C. Benzyloxy- 
carbonyl chloride (73.5 ml; 0.515 mol) was added over half 
an hour, while the pH was kept at 9.5 with 2N NaOH. The 60 
pH was adjusted frequently over the next 4 hours, and the 
solution was left with stirring overnight. On the following 
day the solution was washed with ether (3x600 ml) and the 
pH of the solution was afterwards adjusted to 1 .5 with 2N 
HC1 at 0° C. The title compound was isolated by extraction 65 
with ethyl acetate (5x1000 ml). The ethyl acetate solution 
was dried over magnesium sulfate and evaporated to dry- 



ness, in vacuo. This afforded 138 g, which was dissolved in 
ether (300 ml) and precipitated by the addition of petroleum 
ether (1800 ml). Yield 124.7 g (79%). M.p. 64.5°-85 ° C 
Anal for C 17 H 24 N 2 0 6 found (calc.) C: 58.40(57.94); H: 
7.02(6.86); N: 7.94(7.95). »H-NMR (250 MHz, CDC1 3 ) 7.33 
& 7.32 (5H, Ph); 5.15 & 5.12 (2H, PhCHJ; 4.03 & 4.01 
(2H, NCH 2 C0 2 H); 3.46 (b. 2H, BocNHCH^HJ; 3.28 (b, 
2H, BocNHCHzCHj); 1.43 & 1.40 (9H, ( Bu). HPLC (260 
nm) 20.71 min. (80.2%) and 21.57 min. (19.8%). The 
UV-spectra (200 nm-300 nm) are identical, indicating that 
the minor peak consists of Bis-Z-AEG. 

EXAMPLE 42 

N'-Boc-aminoethyl glycine ethyl ester 

N-Benzyloxycaitonyl-N-(bocarninoethyl)glycine (60.0 
g; 0.170 mol) and N,N-dimcthyl-4-aminopyridine (6.00 g) 
were dissolved in absolute ethanol (500 ml), and cooled to 
0° C. before the addition of DCC (42.2 g; 0.204 mol). The 
ice bath was removed after 5 minutes and stirring was 
continued for 2 more hours. The precipitated DCU (32.5 g 
dried) was removed by filtration and washed with ether 
(3x100 ml). The combined filtrate was washed successively 
with diluted potassium hydrogen sulfate (2x400 ml), diluted 
sodium 'hydrogencarbonate (2x400 ml) and saturated 
sodium chloride (1x400 ml). The organic phase was filtered, 
then dried over magnesium sulfate, and evaporated to dry- 
ness, in vacuo, which yielded 66.1 g of an oily substance 
which contained some DCU. 

The oil was dissolved in absolute ethanol (600 ml) and 
was added 10% palladium on carbon (6.6 g) was added. The 
solution was hydrogenated at atmospheric pressure, where 
the reservoir was filled with 2N sodium hydroxide. After 4 
hours, 3.3 L was consumed out of the theoretical 4.2 L. The 
reaction mixture was filtered through eclite and evaporated 
to dryness, in vacuo, affording 39.5 g (94%) of an oily 
substance. A 13 g portion of the oily substance was purified 
by silica gel (600 g SiOJ chromatography. After clution 
with 300 ml 20% petroleum ether in methylene chloride, the 
title compound was eluted with 1700 ml of 5% methanol in 
methylene chloride. The solvent was removed from the 
fractions with satisfactory purity, in vacuo and the yield was 
8.49 g. Alternatively 10 g of the crude material was purified 
by Kugel Rohr distillation. 'H-NMR (250 MHz, CD 3 OD); 
4.77 (b. s, NH); 4.18 (q, 2H, MeCKi— )*i 3.38 (s, 2H, NC 
H 2 C0 2 Et); 3.16 (t, 2H, BocNHQfcCHJ; 2.68 (t, 2H, 
BocNHCH 2 CH 2 ); 1.43 (s, 9H, 'Bu) and 1.26 (t, 3H, CH 3 ) 
13 C-NMR 171.4 (COEt); 156.6 (CO); 78.3 ((CH^; 59.9 
(CHJ; 49.0 (CH 2 ); 48.1 (CHJ; 39.0 (CHJ; 26.9 (CHJ and 
12.6 (CH 3 ). 

EXAMPLE 43 

N'-Boc-aminoethyl glycine methyl ester 

The above procedure was used, with methanol being 
substituted for ethanol. The final product was purified by 
column purification. 

EXAMPLE 44 

l-(Boc-aeg) thymine ethyl ester 

N'-Boc-aminoethyl glycine ethyl ester (13.5 g; 54.8 
mmol), DhbtOH (9.84 g; 60.3 mmol) and 1-carboxymethyl 
thymine (11.1 g; 60.3 mmol) were dissolved in DMF (210 
ml). Methylene chloride (210 ml) then was added. The 
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solution was cooled to 0° C. in an ethanol/ice bath and DCC 
(13.6 g; 65.8 mmol) was added. The ice bath was removed 
after 1 hour and stirring was continued for another 2 hours 
" at ambient temperature. The precipitated DCU was removed 
by filtration and washed twice with methylene chloride 
(2x75 ml). To the combined filtrate was added more meth- 
ylene chloride (650 ml). The solution was washed succes- 
sively with diluted sodium hydrogen carbonate (3x500 ml), 
diluted potassium hydrogen sulfate (2x500 ml), and satu- 
rated sodium chloride (1x500 ml). Some precipitate was 
removed from the organic phase by filtration, The organic 
phase was dried over magnesium sulfate and evaporated to 
dryness, in vacuo. The oily residue was dissolved in meth- 
ylene chloride (150 ml), filtered, and the tide compound was 
precipitated by the addition of petroleum ether (350 ml) at 
0° C. The methylene chloride/petroleum ether procedure 
was repeated once. This afforded 16.0 g (71%) of a material 
which was more than 99% pure by HPLC. 

EXAMPLE 45 

l-(Boc-acg) thymine 

The material from above was suspended in THF (194 ml, 
gives a 0.2M solution), and 1M aqueous lithium hydroxide 
(1 16 ml) was added. The mixture was stirred for 45 minutes 
at ambient temperature and then filtered to remove residual 
DCU. Water (40 ml) was added to the solution which was 
then washed with methylene chloride (300 ml). Additional 
water (30 ml) was added, and the alkaline solution was 
washed once more with methylene chloride (150 ml). The 
aqueous solution was cooled to 0° C. and the pH was 
adjusted to 2 by the dropwise addition of IN HQ (approx. 
110 ml). The title compound was extracted with ethyl acetate 
(9x200 ml), the combined extracts were dried over magne- 
sium sulfate and were evaporated to dryness, in vacuo. The 
residue was evaporated once from methanol, which after 
drying overnight afforded a colorless glassy solid. Yield 9.57 
g (64%). HPLC>98% 1^14.8 min. Anal, for 
C 16 H 24 N 4 O 7 o0.25 H 2 0 Found (calc.) C: 49.29(49.42); H: 
6.52(6.35); N: 14.11(14.41). Due to the limited rotation 
around the secondary amide, several of the signals were 
doubled in the ratio 2:1 (indicated in the list by mj. for major 
and mi. for minor). J H-NMR (250 MHz, DMSO-d^: 12.75 
(b. s., 1H, C0 2 H); 11.28 (s. "1H", mj., imide NH); 11.26 (s, 
"JH", mi., imidc NH); 7.30 (s, "1H", mj.. T H-6); 7.26 (s, 
M 1H", mi. ? T H-6); 6.92 (b.t., "1H", mj., BocNH); 6.73 (b.t., 
"1H", mi., BocNH); 4.64 (s, **2H", mj., CH 2 C0N); 4.46 (s, 
"2H", mj., CH 2 CON); 4.19 (s, *'2H". mi., CH 2 C0 2 H); 3.97 
(s, "2H*\ mj., CH 2 C0 2 H); 3.63-3.01 (unresolved m, 
includes water, CH2CH2); 1 .75 (s, 3H, CH3) and 1 .38 (s, 9H, 
'Bu). 

EXAMPLE 46 

N 4 -Benzyloxycarbonyl- 1 -(Boc-aeg) cytosine 

N'-Boc-aminocthyl glycine ethyl ester (5.00 g; 20,3 
mmol), DhbtOH (3.64 g; 22.3 mmol) and N4-bcnzyloxy- 
carbonyi-l-carboxymcthyl cytosine (6.77 g; 22.3 mmol) 
were suspended in DMF (100 ml). Methylene chloride (100 
ml) then was added. The solution was cooled to 0° C. and 
DCC (5.03 g; 24.4 mmol) was added. The ice bath was 
removed after 2 h and stirring was continued for another 
hour at ambient temperature. The reaction mixture then was 
evaporated to dryness, in vacuo. The residue was suspended 
in ether (100 ml) and stirred vigorously for 30 min. The solid 
material was isolated by filtration and the ether wash pro- 
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cedure was repeated twice. The material was then stirred 
vigorously for 15 min with dilute sodium hydrogencarbon- 
ate (aprox. 4% solution, 100 ml) t filtered and washed with 
water. This procedure was then repeated once, which after 
drying left 17.0 g of yellowish solid material. The solid was 
then boiled with dioxane (200 ml) and filtered while hot. 
After cooling, water (200 ml) was added. The precipitated 
material was isolated by filtration, washed with water, and 
dried. According to HPLC (observing at 260 nm) this 
material has a purity higher than 99%, besides the DCU. The 
ester was then suspended in THF (100 ml), cooled to 0° C, 
and IN LiOH (61 ml) was added. After stirring for 15 
minutes, the mixture was filtered and the filtrate was washed 
with methylene chloride (2x150 ml). The alkaline solution 
then was cooled to 0° C. and the pH was adjusted to 2.0 with 
IN HC1. The title compound was isolated by filtration and 
was washed once with water, leaving 11.3 g of a white 
powder after drying. The material was suspended in meth- 
ylene chloride (300 ml) and petroleum ether (300 ml) was 
added. Filtration and wash afforded 7. 1 g (69%) after drying. 
HPLC showed a purity of 99% R T= 19.5 min, and a minor 
impurity at 12.6 min (approx. 1%) most likely the Z-de 
protected monomer. Anal, for C^H^^Og found (calc.) C: 
54.16 (54.87); H: 5.76(5.81) and N: 13.65(13.91). l H-NMR 
(250 MHz, DMSO-cg. 10.78 (b.s. 1H, COjH); 7.88 (2 
overlapping dublets, 1H, Cyt H-5); 7.41-7.32 (m. 5H, Ph); 
7.01 (2 overlapping doublets, 1H, Cyt H-6); 6.94 & 6.78 
(unres. triplets. 1H, BocNH); 5.19 (s, 2H, PhCHJ; 4.81 & 
4.62 (s, 2H. CH2CON); 4.17 & 3.98 (s, 2H, CH 2 C0 2 H); 
3.42-3.03 (m, includes water, CH 2 CH 2 ) and 1.38 & 1.37 (s, 
9^^). 13 C-NMR. 150.88; 128.52; 128.18; 127.96; 93.90; 
66.53; 49.58 and 28.22. IR: Frequency in cm" 1 (intensity). 
3423 (26.4), 3035 (53.2), 2978(41.4), 1736(17.3), 
1658(3.8), 1563(23.0), 1501(6.8) and 1456 (26.4). 
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9-Carboxymcthyl adenine ethyl ester 

Adenine (10.0 g, 74 mmol) and potassium carbonate 
(10.29 g, 74.0 mmol) were suspended in DMF and ethyl 
bromoacetate (8.24 ml, 74 mmol) was added. The suspen- 
sion was stirred for 2.5 h under nitrogen at room temperature 
and then filtered. The solid residue was washed three times 
with DMF (10 ml). The combined filtrate was evaporated to 
dryness, in vacuo. The yellow-orange solid material was 
poured into water (200 ml) and 4N HC1 was added to pH«6. 
After stirring at 0° C. for 10 min, the solid was filtered off, 
washed with water, and recrystallized from 96% ethanol 
(1 50 ml). The tide compound was isolated by filtration and 
washed thoroughly with ether. Yield 3.4 g (20%). M.p. 
215.5°-220° C. Anal, for C 9 H n N 5 0 2 found (calc): C: 
48.86(48.65); H: 5.01(4.91); N: 31.66(31.42). 'H-NMR 
(250 MHz; DMSO-d^: (s, 2H, H-2 & H-8), 7.25 (b. s., 2H, 
NH2X 5.06 (s. 2H, NCHj), 4.17 (q, 2H, J=7.11 Hz, OCHJ 
and 1.21 (t, 3H, J=7.13 Hz, NCHJ. 13 C-NMR. 152.70, 
141.30. 61.41, 43.97 and 14.07. FAB-MS. 222 (MH+). IR: 
Frequency in cm" 1 (intensity). 3855 (54.3), 3274(10.4), 
3246(14.0), 3117(5.3), 2989(22.3), 2940(33.9), 2876(43.4), 
2753(49.0), 2346(56.1), 2106(57.1), 1899(55.7), 
1762(14.2), 1742(14.2), 1742(1.0), 1671 (1.8), 1644(10.9), 
1606 (0.6), 1582 (7.1), 1522 (43.8), 1477 (7.2), 1445 (35.8) 
and 1422 (8.6). The position of alkylation was verified by 
X-ray crystallography on crystals, which were obtained by 
recrystallization from 96% ethanol. 
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Alternatively, 9-caxboxymcthyl adenine ethyl ester can be 
prepared by the following procedure. To a suspension of 
adenine (50.0 g, 0.37 mol) in DMF (1100 ml) in 2 L 
three- necked flask equipped with a nitrogen inlet, a 
mechanical stirrer and a dropping funnel was added 16.4 g 5 
(0.407 mol) haxane washed sodium hydride-mineral oil 
dispersion. The mixture was stirred vigorously for 2 hours, 
whereafter ethy bromacetate 75 ml, 0.67 mol) was added 
dropwise over the course of 3 hours. The mixture was stirred 
for one additional hour, whereafter tic indicated complete 10 
conversion of adenine. The mixture was evaporated to 
dryness at 1 mmHg and water (500 ml) was added to the oily 
residue which caused crystallisation of the title compound. 
The solid was recrystallised from 06% ethanol (600 ml). 
Yield after drying 53.7 (65.6%). HPLC (215 nm) 15 
purity>99.5%. 



EXAMPLE 48 

r^-Benzyloxycarbonyl-9-carboxymethyl adenine 
ethyl ester 



20 



N 6 -Benzyloxycarbonyl-9-carboxyrnethyl adenine 



30 



35 



9-Carboxymcthyladcninc ethyl ester (3.40 g, 15.4 mmol) 
was dissolved in dry DMF (50 ml) by gentle heating, cooled 
to 20° C, and added to a solution of N-ethyl-benzyloxycar- 25 
bonylimidazole tctrafluoroboratc (62 mmol) in methylene 
chloride (50 ml) over a period of 15 min with ice-cooling. 
Some precipitation was observed. The ice bath was removed 
and the solution was stirred overnight. The reaction mixture 
was treated with saturated sodium hydrogen carbonate (100 
ml). After stirring for 10 min, the phases were separated and 
the organic phase was washed successively with one volume 
of water, dilute potassium hydrogen sulfate (twice), and with 
saturated sodium chloride. The solution was dried over 
magnesium sulfate and evaporated to dryness, in vacuo, 
which afforded 11 g of an oily material. The material was 
dissolved in methylene chloride (25 ml), cooled to 0° C, and 
precipitated with petroleumeum ether (50 ml). This proce- 
dure was repeated once to give 3.45 g (63%) of the title 
compound. M.p. 132°-35 6 C. Analysis for C 17 H 17 N 5 0„ 
found (calc): C: 56.95(57.46); H: 4.71(4.82); N: 40 
19.35(19.71). 'H-NMR (250 MHz; CDOJ: 8.77 (s, 1H, H-2 
or H-8); 7.99 (s, 1H, H-2 or H-8); 7.45-7.26 (m, 5H, Ph); 
5.31 (s, 2H, N-CHJ 4.96 (s, 2H, Ph-CH 2 ); 4.27 (q, 2H, 
J=7.15 Hz, CH 2 CH 3 ) and 1.30 (t, 3H, J=7.15 Hz. CH 2 C AK 
Hj). 13 C-NMR: 153.09; 143.11; 128.66; 67.84; 62J1; 44.24 45 
and 14.09. FAB-MS: 356 (MH+) and 312 (MH^-C0 2 ). K: 
frequency in cm"' (intensity). 3423 (52.1); 3182 (52.8); 
3115 (52.1); 3031 (47.9); 2981 (38.6); 1747 (1.1); 1617 
(4.8); 15.87 (8.4); 1552 (25.2); 1511 (45.2); 1492(37.9); 
1465(14.0) and 1413(37.3). 

EXAMPLE 49 



50 



55 



N <5 -Benzyloxycarbonyl-9-carboxymethyladenine ethyl 
ester (3.20 g; 9.01 mmol) was mixed with methanol (50 ml) 
cooled to 0° C. Sodium Hydroxide Solution (50 ml; 2N) was 
added, whereby the material quickly dissolved. After 30 min 
at 0° C, the alkaline solution was washed with methylene 60 
chloride (2x50 ml). The aqueous solution was brought to pH 
1.0 with 4N HC1 at 0° C, whereby the tide compound 
precipitated. The yield after filtration, washing with water, 
and drying was 3.08 g (104%). The product contained salt 
and elemental analysis reflected that Anal, for C ia H 13 N 3 0 4 65 
found (calc): C: 46.32(55.05); H: 4.24(4.00); N: 
18.10(21.40) and C/N: 157(2.56). ] H-NMR (250 MHz; 



DMSO-d 6 ): 8.70 (s, 2H, H-2 and H-8); 7.50-7.35 (m, 5H, 
Ph); 5.27 (s, 2H, N-CHJ; and 5.15 (s, 2H, ph-CH 2 ). 
13 C-NMR. 168.77, 152.54, 151.36, 148.75, 145.13, 128.51, 
128.17, 127.98, 66.76 and 44.67. IR (KBr) 3484(18.3); 
3109(15.9); 3087(15.0); 2966 (17.1); 2927 (19,9); 2383 
(53.8); 1960 (62.7); 1739 (2.5); 1688(5.2); 1655(0.9); 
1594(11.7); 1560(12.3); 1530(26.3); 1499(30.5); 
1475(10.4); 1455(14.0); 3429(24.5) and 1411(23.6). FAB- 
MS: 328 (MH+) and 284 (MH-h-COJ. HPLC (215 nm, 260 
nm) in system 1:15.18 min, minor impurities all less than 
2%. 

EXAMPLE 50 

N*-Benzyloxycarbonyl-l-(Boc-acg) adenine ethyl 
ester 

NT-Boc-aminoethyl glycine ethyl ester (2.00 g; 8.12 
mmol), DhbtOH (1.46 g; 8.93 mmol) and N 6 -benzyloxycar- 
bonyl-9-carboxymethyl adenine (2.92 g; 8.93 mmol) were 
dissolved in DMF (15 ml). Methylene chloride (15 ml) then 
was added. The solution was cooled to 0° C. in an ethanol/ 
ice bath. DCC (2.01 g; 9.74 mmol) was added. The ice bath 
was removed after 2.5 h and stirring was continued for 
another 1.5 hour at ambient temperature. The precipitated 
DCU was removed by filtration and washed once with DMF 
(15 ml), and twice with methylene chloride (2x15 ml). To 
the combined filtrate was added more methylene chloride 
(100 ml). The solution was washed successively with dilute 
sodium hydrogen carbonate (2x100 ml), dilute potassium 
hydrogen sulfate (2x100 ml), and saturated sodium chloride 
(1x100 ml). The organic phase was evaporated to dryness, in 
vacuo, which afforded 3.28 g (73%) of a yellowish oily 
substance. HPLC of the raw product showed a purity of only 
66% with several impurities, both more and less polar than 
the main peak. The oil was dissolved in absolute ethanol (50 
ml) and activated carbon was added. After stirring for 5 
minutes, the solution was filtered. The filtrate was mixed 
with water (30 ml) and was left with stirring overnight. The 
next day, the white precipitate was removed by filtration, 
washed with water, and dried, affording 1.16 g (26%) of a 
material with a purity higher than 98% by HPLC. Addition 
of water to the mother liquor afforded another 0.53 g with a 
purity of approx. 95%. Anal, for C^H^tyC^oHjO found 
(calc.) C: 55.01(54.44; H: 6.85(6.15) and N: 16.47(17.09). 
l H-NMR (250 MHz, CDC1 3 ) 8.74 (s, 1 H, Adc H-2); 8.1 8 (b. 
s, 1H, ZNH); 8.10 & 8.04 (s, 1H, H-8); 7.46-7.34 (m, 5H, 
Ph); 5.63 (unres. t, 1H, BocNH); 5.30 (s. 2H, PhCH 2 ); 5.16 
& 5.00 (s, 2H, CH 2 CON); 4.29 & 4.06 (s, 2H, C 
ifcCC^H); 4.20 (q, 2H, OCH 2 CH 3 ); 3.67-3.29 (m. 4H, C 
H 2 CH 2 ); 1-42 (s, 9H, 'Bu) and 1.27 (t, 3H, OCH 2 CH 3 ). The 
spectrum shows traces of ethanol and DCU. 

EXAMPLE 51 

N fl -Benzyloxycarbonyl- 1 -(Boc-aeg) adenine 

N*-Benzyloxycarbonyl-l-(Boc-aeg) adenine ethyl ester 
(1.48 g; 2.66 mmol) was suspended in THF (13 ml) and the 
mixture was cooled to 0° C. Lithium hydroxide (8 ml; IN) 
was added. After 15 min of stirring, the reaction mixture was 
filtered, extra water (25 ml) was added, and the solution was 
washed with methylene chloride (2x25 ml). The pH of the 
aqueous solution was adjusted to pH 2.0 with IN HC1. The 
precipitate was isolated by filtration, washed with water, and 
dried, and dried affording 0.82 g (58%). The product reprc- 
cipitated twice with methylene chloride/petroleum ether, 
0.77 g (55%) after drying. M.p. 119 0 C. (decomp.) Anal, for 
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C 24 H 29 N 7 0 7 oH 2 0 found (calc.) C: 53.32(52.84); H: 
5.71(5.73); N: 17.68(17.97). FAB-MS. 528.5 (MH+). 
1 H-NMR(250 MHz, DMSO-d^. 12.75 (very b, 1H,C0 2 H); 
10.65 (b. s t 1H, ZNH); 8.59 (d, 1H, J=2.14 Hz, Ade H-2); 
8.31 (s. 1H, Ade H-8); 7.49-7.31 (m, 5H. Ph); 7.03 & 6.75 5 
(unresol. t, 1H, BocNH); 5.33 & 5.16 (s, 2H, CH 2 C0N); 
5.22 (s, 2H, PhCH 2 ); 4.34-3.99 (s, 2H, CH 2 C0 2 H); 
3.54-3.03 (m's, includes water, CHzQlz) and 1.39 & 1.37 
(s, 9H, 'Bu). 13 C-NMR. 170.4; 166.6; 152.3; 151.5; 149.5; 
145.2; 128.5; 128.0; 127.9; 66.32; 47.63; 47.03; 43.87 and io 
28.24. 

EXAMPLE 52 

2-Amino-6-chloro-9-carboxymethylpurine 15 

To a suspension of 2-amino-6-chloropurine (5.02 g; 29.6 
mmol) and potassium carbonate (12.91 g; 93.5 mmol) in 
DMF (50 ml) was added bromoacetic acid (4.70 g; 22.8 
mmol). The mixture was stirred vigorously for 20 h. under 2Q 
nitrogen. Water (150 ml) was added and the solution was 
filtered through Celite to give a clear yellow solution. The 
solution was acidified to a pH of 3 with 4N hydrochloric 
acid. The precipitate was filtered and dried, in vacuo, over 
sicapcnt. Yield (3.02 g; 44.8%). 'H-NMR (DMSO-d6): 25 
d-4.88 ppm (s,2H); 6.95 (s,2H); 8.10 (sJH). 

EXAMPLE 53 



2-Amino-6-benzyloxy-9-carboxymethylpurine 



30 



Sodium (2.0 g; 87.0 mmol) was dissolved in benzyl 
alcohol (20 ml) and heated to 130° C. for 2 h. After cooling 
to 0° C, a solution of 2-amino-6-chloro-9-carboxymeth- 
ylpurine (4.05 g; 18.0 mmol) in DMF (85 ml) was slowly 
added, and the resulting suspension stirred overnight at 20° 35 
C. Sodium hydroxide solution (IN, 100 ml) was added and 
the clear solution was washed with ethyl acetate (3x100 ml). 
The water phase then was acidified to a pH of 3 with 4N 
hydrochloric acid. The precipitate was taken up in ethyl 
acetate (200 ml), and the water phase was extracted with 40 
ethyl acetate (2x1 00 ml). The combined organic phases were 
washed with saturated sodium chloride solution (2x75 ml), 
dried with anhydrous sodium sulfate, and taken to dryness 
by evaporation, in vacuo. The residue was recrystallized 
from ethanol (300 ml). Yield after drying, in vacuo, over 45 
sicapcnt: 2.76 g (52%). M.p. 159°-65° C. Anal, (calc, 
found) C(56.18; 55.97), H{4.38; 4.32), N(23.4; 23.10). 
] H-NMR (DMSO-dJ: 4.82 ppm. (s,2H); 5.51 (s,2H); 6.45 
(s,2H); 7.45 (m,5H); 7.82 (s,lH). 



EXAMPLE 54 

N-([2-Amino-6-benzyloxy-purine-9-yl]-acety])- 
N-(2-Boc-aminoethyl)-glycine [BocGaeg-OH 
monomer] 
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2-Amino-6-benzyloxy-9-carboxymethyl-purine (0.50 g; 
1.67 mmol), methyl-N(2-[tert-butoxycarbonylamino]ethyl)- 
glycinate (0.65 g; 2.80 mmol), diisopropylethyl amine (0.54 
g; 4.19 mmol), and bromo-tris-pyrrolidino-phosphonium- 60 
hexafluoro-phosphate (PyBroP®) (0.798 g; 1.71 mmol) 
were stirred in DMF (2 ml) for 4 h. The clear solution was 
poured into an icc-coolcd solution of sodium hydrogen 
carbonate (IN; 40 ml) and extracted with ethyl acetate (3x40 
ml). The organic layer was washed with potassium hydrogen 65 
sulfate solution (IN; 2x40 ml), sodium hydrogen carbonate 
(IN; 1x40 ml) and saturated sodium chloride solution (60 



ml). After drying with anhydrous sodium sulfate and evapo- 
ration, in vacuo, the solid residue was recrystallized from 
ethyl acetate/hexane (20 ml (2:1 )) to give the methyl ester in 
63% yield (MS-FAB 514 (M+l). Hydrolysis was accom- 
plished by dissolving the ester in ethanol/water (30 ml (1 :2)) 
containing cone, sodium hydroxide (1 ml). After stirring for 
2 h, the solution was filtered and acidified to a pH of 3, by 
the addition of 4N hydrochloric acid. The tide compound 
was obtained by filtration. Yield: 370 mg (72% for the 
hydrolysis). Purity by HPLC was more than 99%. Due to the 
limited rotation around the secondary amide several of the 
signals were doubled in the ratio 2:1 (indicated in the list by 
mj. for major and mi. for minor). *H-NMR (250, MHz, 
DMSO-do): d=1.4 ppm. (s,9H); 3.2 (m,2H); 3.6 (m,2H); 4.1 
(s, mj., CONRCH 2 COOH); 4.4 (s, mi., CONRC 
H 2 C00H); 5.0 (s, mi., Gua-CH 2 CO— ); 5.2 (s, mj., Gua-C 
HjCO); 5.6 (s,2H); 6.5 (s,2H); 6.9 /m, mi. , BocNH); 7.1 (m, 
mj. , BocNH); 7.5 (m. , 3H); 7.8 (s,lH); 12,8 (s;lH). 
13 C-NMR. 170.95; 170.52; 167.29; 166.85; 160.03; 159.78; 
155.84; 154.87; 140.63; 136.76; 128.49; 128.10; 113.04; 
78.19; 77.86; 66.95; 49.22; 47.70; 46.94; 45.96; 43.62; 
43.31 and 28.25. 

EXAMPLE 55 

3-Boc-amino-l ,2-propanediol 

3-Amino-l,2-propanediol (40.00 g, 0.440 mol, 1.0 cq.) 
was dissolved in water (1000 ml) and cooled to 0° C. 
Di-tert-butyl dicarbonatc (115.0 g, 0.526 mol, 1.2 cq.) was 
added in one portion. The reaction mixture was heated to 
room temperature on a water bath during stirring. The pH 
was maintained at 10.5 with a solution of sodium hydroxide 
(17.56 g, 0.440 mol, 1.0 eq.) in water (120 ml). When the 
addition of aqueous sodium hydroxide was completed, the 
reaction mixture was stirred overnight at room temperature. 
Subsequently, ethyl acetate (750 ml) was added to the 
reaction mixture, followed by cooling to 0° C. The pH was 
adjusted to 2.5 with 4N sulphuric acid with vigorous stirring. 
The phases were separated and the water phase was washed 
with additional ethyl acetate (6x350 ml). The volume of the 
organic phase was reduced to 900 ml by evaporation under 
reduced pressure. The organic phase then was washed with 
a saturated aqueous solution of potassium hydrogen sulfate 
diluted to twice its volume (1x1000 ml) and with saturated 
aqueous sodium chloride (1x500 ml). The organic phase was 
dried (MgS0 4 ) and evaporated under reduced pressure to 
yield 50.12 g (60%) of the title compound. The product 
could be solidified by evaporation from methylene chloride 
and subsequent freezing. ! H-NMR (CDC1 3 /TMS): d=1.43 
(s, 9H, McsQ, 3.25 (m, 2H, CH*), 3.57 (m, 2H, CH 2 ), 3.73 
(m, 1H, CH). 13 C-NMR (CDC1/TMS): d=28.2 (Me^C), 
42.6 (CH^ 63.5, 71.1 (CH 2 OH, CHOH), 79.5 (Me 3 C), 
157.0(0=0). 

EXAMPLE 56 

2-(Boc-amino) ethyl-L-alanine methyl ester 

3-Boc-airuno-l,2-propanediol (20.76 g, 0.109 mol. I cq.) 
was suspended in water (150 ml). Potassium m-periodate 
(24.97 g, 0.109 mol, 1 eq.) was added and the reaction 
mixture was stirred for 2 h at room temperature under 
nitrogen. The reaction mixture was filtered and the water 
phase extracted with chloroform (6x250 ml) The organic 
phase was dried (MgSOJ and evaporated to afford an almost 
quantitative yield of Boc-aminoacetaldehyde as a colourless 
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oil, which was used without further purification in the 
following procedure. 

Palladium-on-carbon, (10%, 0.8 g) was added to MeOH 
(250 ml) under nitrogen with cooling (0° C.) and vigorous 
stirring. Anhydrous sodium acetate (4.49 g, 54.7 mmol, 2 5 
eqv) and L-alanine methyl ester, hydrochloride (3.82 g, 27.4 
mmol, 1 eqv) were added. Boc-aminoacetaldehyde (4.79 g, 
30.1 mmol, 1.1 eqv) was dissolved in MeOH (150 ml) and 
added to the reaction mixture. The reaction mixture was 
hydrogenated at atmospheric pressure and room temperature 10 
until hydrogen uptake had ceased. The reaction mixture was 
filtered through celite, which was washed with additional 
MeOH. Hie MeOH was removed under reduced pressure. 
The residue was suspended in water (150 ml) and pH 
adjusted to 8.0 by dropwise addition of 0.5N NaOH with 15 
vigorous stirring. The water phase was extracted with meth- 
ylene chloride (4x250 ml). The organic phase was dried 
(MgS0 4 ), filtered through celite, and evaporated under 
reduced pressure to yield 6.36 g (94%) of the title compound 
as a clear, slightly yellow oil. MS (FAB-MS): m/z (%)=247 20 
(100, M+l, 191 (90), 147 (18). 'H-NMR (250 MHz, 
CDC1 3 ). 1.18 (d, J=7.0 Hz, 3H, Me), 1.36 (s, 9H, Me 3 C), 
1.89 (b, 1H, NH), 2.51 (m, 1H, CHJ, 2.66 (m, 1H, CH^, 
3.10 (m. 2H, CH 2 ), 3.27 (q, J=7.0 Hz, 1H, CH), 3.64 (s, 3H, 
OMe), 5.06 (b, 1H, carbamate NH). 13 C-NMR. d=18.8 25 
(Me), 28.2 (Me 3 C), 40.1, 47.0 (CHJ, 51.6 (OMe), 56.0 
(CH), 155.8 (carbamate C=0), 175.8 (ester C=0). 



EXAMPLE 57 

N-(Boc-aminoethyl)-N-(l-thyminylacetyl)-L-alanine 
methyl ester 



30 



To a solution of Boc-aminoethyl-(L)-alanine methyl ester 
(1.23 g, 5.0 mmol) in DMF (10 ml) was added Dhbt-OH 3S 
(0.90 g, 5.52 mmol) and 1-thyminylacetic acid (1.01 g, 5.48 
mmol). When the 1-thyminylacctic acid was dissolved, 
dichloromcthanc (10 ml) was added and the solution was 
cooled on an ice bath. After the reaction mixture had reached 
0° C, DCC (1.24 g, 6.01 mmol) was added. Within 5 min ^ 
after the addition, a precipitate of DCU was seen. After a 
further 5 min, the ice bath was removed. Two hours later, 
TLC analysis showed the reaction to be finished. The 
mixture was filtered and the precipitate washed with dichlo- 
romethane (100 ml). The resulting solution was extracted 45 
twice with 5% sodium hydrogen carbonate (150 ml) and 
twice with saturated potassium hydrogen sulfate (25 ml) in 
water (100 ml). After a final extraction with saturated 
sodium chloride (150 ml), the solution was dried with 
magnesium sulfate and evaporated to give a white foam. The 5Q 
foam was purified by column chromatography on silica gel 
using dichloromethane with a methanol gradient as eluent. 
This yielded a pure compound (>99% by HPLC) (1.08 g, 
52.4%). FAB-MS: 413 (M+l) and 431 (M+l+water). 
'H-NMR (CDCI3): 4.52 (s, 2 H, CH'Ji 3,73 (s, 3 H, OMe); 
3.2-3.6 (m,4H, ethyl CH 2 's); 1.90 (s, 3 H, Me inT) ; 1.49 
(d, 3 H, Me in Ala, J=7.3 Hz); 1.44 (s, 9 H, Boc). 

EXAMPLE 58 

N-(Boc-arninoethyl)-N-(l-thyrninylacetyl)-L- alanine 60 

The methyl ester of the title compound (2.07 g, 5.02 
mmol) was dissolved in methanol (100 ml), and cooled on 
an ice bath. 2M sodium hydroxide (100 ml) was added. After 
stirring for 10 min, the pH of the mixture was adjusted to 3 65 
with 4M hydrogen chloride. The solution was subsequently 
extracted with ethyl acetate (3x100 ml). The combined 



organic extracts were dried over magnesium sulfate. After 
evaporation, the resulting foam was dissolved in ethyl 
acetate (400 ml) and a few ml of methanol to dissolve the 
solid material. Petroleum ether then was added until pre- 
cipitation started. After standing overnight at -20° C, the 
precipitate was removed by filtration. This gave 1.01 g 
(50.5%) of pure compound (>99% by HPLC). The com- 
pound can be recrystallized from 2-propanol. FAB -MS: 399 
(M+l). 'H-NMR (DMSO-cy: 11.35 (s, 1 H, COO); 7.42 (s, 
1 H, H' 6 ); 4.69 (s, 2 H, CH'J; 1.83 (s, 3 H, Me in T); 
1.50-1.40 (m, 12 H, Me in Ala+Boc). 

EXAMPLE 59 

(a) 

N-(Boc-ami no ethyl) — N-(l-thyminylacetyl)-D-alanine 
methyl ester 

To a solution of Boc-amtnoethyl alanine methyl ester 
(2.48 g, 10.1 mmol) in DMF (20 ml) was added Dhbt-OH 
(1.80 g, 11.0 mmol) and thyminylacetic acid (2.14 g, 11.6 
mmol). After dissolution of the 1 -thyrninylacetic acid, meth- 
ylene chloride (20 ml) was added and the solution cooled on 
an ice bath. When the reaction mixture had reached 0° C, 
DCC (2.88 g, 14.0 mmol) was added. Within 5 min after the 
addition a precipitate of DCU was seen. After 35 min the ice 
bath was removed. The reaction mixture was filtered 3.5 h 
later and the precipitate washed with methylene chloride 
(200 ml). The resulting solution was extracted twice with 
5% sodium hydrogen carbonate (200 ml) and twice with 
saturated potassium hydrogen sulfate in water (100 ml). 
After a final extraction with saturated sodium chloride (250 
ml), the solution was dried with magnesium sulfate and 
evaporated to give an oil. The oil was purified by short 
column silica gel chromatography using methylene chloride 
with a methanol gradient as eluent. This yielded a compound 
which was 96% pure according to HPLC (1.05 g, 25.3%) 
after precipitation with petroleum ether. FAB-MS: 413 
(M+l). 'H-NMR (CDCI3): 5.64 (t, 1 H, BocNH, J=5.89 Hz); 
4.56 (d, 2 H, CH 2 ); 4.35 (q, 1 H, CH in Ala, J=7.25 Hz); 3.74 
(s, 3 H, OMe); 3.64-3.27 (m, 4 H, ethyl H's); 1.90 (s, 3 H, 
Me in T); 1.52-1.44 (t, 12 H, Boc+Me in Ala). 

(b) 

N-(Boc-anunoethyl)-N-(l-thyminylacctyI)-D-alanine 

The methyl ester of the title compound (1.57 g, 3.81 
mmol) was dissolved in methanol (100 ml) and cooled on an 
ice bath. Sodium hydroxide (100 ml; 2M) was added. After 
stirring for 10 min the pH of the mixture was adjusted to 3 
with 4M hydrogen chloride. The solution then was extracted 
with ethyl acetate (3x100 ml). The combined organic 
extracts were dried over magnesium sulfate. After evapora- 
tion, the oil was dissolved in ethyl acetate (200 ml). Petro- 
leum ether was added (to a total volume of 600 ml) until 
precipitation started. After standing overnight at -20° C, the 
precipitate was removed by filtration. This afforded 1.02 g 
(67.3%) of the title compound, which was 94% pure accord- 
ing to HPLC. FAB-MS: 399 (M+l ). 'H-NMR: 1 1 .34 (s, 1 H, 
COOH); 7.42 (s, 1 H, H'J; 4.69 (s, 2 H, CH' 2 ); 4.40 (q, 1 
H, CH in Ala, J=7.20 Hz); 1 .83 (s, 3 H, Me in T); 1.52-1.40 
(m, 1 2 H, Boc+Me in Ala). 

EXAMPLE 60 

N-(N , -Boc-3 , -aminopropyl)-N-[(l - 
thyminyl)acetyl]glycine methyl ester 

N-(r^-Boc-3'-aminopropyl) glycine methyl ester (2.84 g, 
0.0115 mol) was dissolved in DMF (35 ml), followed by 
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addition of DhbtOH (2.07 g, 0.0127 mol) and 1-thyminy- 
lacetic acid (2.34 g, 0.0127 mol). Methylene chloride (35 
ml) was added and the mixture cooled to 0° C. on an ice 
bath. After addition of DCC (2.85 g, 0.0138 mol), the 
mixture was stirred at 0° C. for 2 h, followed by 1 h at room 5 
temperature. The precipitated DCU was removed by filtra- 
tion, washed with methylene chloride (25 ml), and a further 
amount of methylene chloride (150 ml) was added to the 
filtrate. The organic phase was extracted with sodium hydro- 
gen carbonate (1 volume saturated diluted with 1 volume to 
water, 6x250 ml), potassium sulfate (1 volume saturated 
diluted with 4 volumes water, 3x250 ml), and saturated 
aqueous sodium chloride (1x250 ml), dried over magnesium 
sulfate, and evaporated to dryness, in vacuo. The solid 
residue was suspended in methylene chloride (35 ml) and 15 
stirred for 1 h. The precipitated DCU was removed by 
filtration and washed with methylene chloride (25 ml). The 
filtrate was evaporated to dryness, in vacuo, and the residue 
purified by column chromatography on silica gel, eluting 
with a mixture of methanol and methylene chloride (gradient 20 
from 3-7% methanol in methylene chloride). This afforded 
the title compound as a white solid (3.05 g, 64%). M.p. 
76°-79° C. (decomp.). Anal, for C 18 H 28 N 4 0 7 , found (calc.) 
C: 52.03 (52.42) H: 6.90 (6.84) N: 13.21 (13.58). The 
compound showed satisfactory l H and l3 C-NMR spectra. 25 

EXAMPLE 61 



N-CN'-Boc-S'-aminopropyU-N- 
[(1 -thyminyl)acctyl]glycine 



30 



N-(N'-Bc<-3'-aniinopropyl)-N-[(l-myminyl)acetyl]gly- 
cine methyl ester (3.02 g, 0.00732 mol) was dissolved in 
methanol (25 ml) and stirred for 1.5 h with 2M sodium 
hydroxide (25 ml). The methanol was removed by evapo- 35 
ration, in vacuo, and pH adjusted to 2 with 4M hydrochloric 
acid at 0° C. The product was isolated as white crystals by 
filtration, washed with water (3x10 ml), and dried over 
sicapent, in vacuo. Yield 119 g (75%). Anal, for 
C !7 H 26 N 4 0 7 , H 2 0, found (calc.) C: 49.95 (49.03) H: 6.47 w 
(6.29) N: 13.43 (13.45). The compound showed satisfactory 
] H and 13 C-NMR spectra. 



EXAMPLE 62 



3-( 1 -Thyminyl)-propanoic acid methyl ester 



45 



50 



Thymine (14.0 g, 0,1 1 mol) was suspended in methanol. 
Methyl acrylate (39.6 ml, 0.44 mol) was added, along with 
catalytic amounts of sodium hydroxide. The solution was 
refluxed in the dark for 45 h, evaporated to dryness, in 
vacuo, and the residue dissolved in methanol (8 ml) with 
heating. After cooling on an ice bath, the product was 
precipitated by addition of ether (20 ml), isolated by filtra- 
tion, washed with ether (3x15 ml), and dried over sicapent, 
in vacuo. Yield 11.23 g (48%). M.p. 112M 19° C. Anal, for 55 
C9H 12 N 2 0 4 , found (calc.) C: 51.14 (50.94) H: 5.78 (5.70) N: 
11.52 (13.20). The compound showed satisfactory ! H and 
13 C-NMR spectra. 



EXAMPLE 63 
3-(l-Thyminyl)-propanoic acid 



60 



3-(l-Thyminyl)-propanoic acid methyl ester (1.0 g, 
0.0047 mol) was suspended in 2M sodium hydroxide (15 65 
ml), boiled for 10 min. The pH was adjusted to 0.3 with 
cone, hydrochloric acid. The solution was extracted with 



ethyl acetate (10x25 ml). The organic phase was extracted 
with saturated aqueous sodium chloride, dried over magne- 
sium sulfate, and evaporated to dryness, in vacuo, to give the 
title compound as a white solid (0.66 g, 71%). M.p. 
118°-121 e C. Anal, for C 8 H 10 N 2 0 4 , found (calc.) C: 48.38 
(48.49) H: 5.09 (5.09) N: 13.93 (14.14). The compound 
showed satisfactory ! H and 13 C-NMR spectra. 

EXAMPLE 64 

N-(N'-Boc-aminoethyl)-N-[(l - 
thyminyl)propanoyl]glycine ethyl ester 

N-(N , -Boc-aminocthyI) glycine ethyl ester (1.0 g. 0.0041 
mol) was dissolved in DMF (12 ml). DhbtOH (0,73 g, 
0.0045 mol) and 3-(l-thyminyl)-propanoic acid (0.89 g, 
0.0045 mol) were added. Methylene chloride (12 ml) then 
was added and the mixture was cooled to 0° C. on an ice 
bath. After addition of DCC (1.01 g, 0.0049 mol), the 
mixture was stirred at 0° C. for 2 h, followed by 1 h at room 
temperature. The precipitated DCU was removed by filtra- 
tion, washed with methylene chloride (25 ml), and a further 
amount of methylene chloride (50 ml) was added to the 
filtrate. The organic phase was extracted with sodium hydro- 
gen carbonate (1 volume saturated diluted with 1 volume 
water, 6x100 ml), potassium sulfate (1 volume saturated 
diluted with 4 volumes water, 3x100 ml), and saturated 
aqueous sodium chloride (1x100 ml), dried over magnesium 
sulfate, and evaporated to dryness, in vacuo. The solid 
residue was suspended in methylene chloride (15 ml), and 
stirred for 1 h. The precipitated DCU was removed by 
filtration and washed with methylene chloride. The filtrate 
was evaporated to dryness, in vacuo, and the residue purified 
by column chromatography on silica gel, eluting with a 
mixture of methanol and methylene chloride (gradient from 
1 to 6% methanol in methylene chloride). This afforded the 
tide compound as a white solid (1.02 g, 59%). Anal, for 
C 19 H 30 N 4 0 7 , found (calc.) C: 53.15 (53.51) H: 6.90 (7.09) 
N: 12.76 (13. 13). The compound showed satisfactory 'H and 
13 C-NMR spectra. 

EXAMPLE 65 

N-(N*-Boc-anunoethyl)-N-[(l- 
thyminyl)propahoyl]glycine 

N-(N'-Boc-arninoethyl)-N-[( 1 -thyminyl)propanoyl]gly- 
cine ethyl ester (0.83 g, 0.00195 mol) was dissolved in 
methanol (25 ml). Sodium hydroxide (25 ml; 2M) was 
added The solution was stirred for 1 h. The methanol was 
removed by evaporation, in vacuo, and the pH adjusted to 2 
with 4M hydrochloric acid at 0° C. The product was isolated 
by filtration, washed with ether (3x15 ml), and dried over 
sicapent, in vacuo. Yield 0.769 g, 99%). M.p. 213° C. - 
(decomp.). 

EXAMPLE 66 

Mono-Boc-ethylenediamine (2) 

tert-Butyl-4-nitrophenyl carbonate (1) (10.0 g; 0.0418 
mol) dissolved in DMF (50 ml) was added dropwise over a 
period of 30 min to a solution of ethylenediamine (27.9 ml; 
0.418 mol) and DMF (50 ml) and stirred overnight. The 
mixture was evaporated to dryness, in vacuo, and the 
resulting oil dissolved in water (250 ml). After cooling to 0° 
C, pH was adjusted to 3.5 with 4M hydrochloric acid. The 
solution then was filtered and extracted with chloroform 
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(3x250 ml). The pH was adjusted to 12 at 0° C with 2M 
sodium hydroxide, and the aqueous solution extracted with 
methylene chloride (3x300 ml), After treatment with sat. 
aqueous sodium chloride (250 ml), the methylene chloride 
solution was dried over magnesium sulfate. After filtration, 5 
the solution was evaporated to dryness, in "vacuo, resulting 
in 4.22 g (63%) of the product (oil). 'H-NMR (90 MHz; 
CDC1 3 ): 61.44 (s, 9H); 2.87 (t, 2H); 3.1 (q, 2H); 5.62 (s, 
. broad). 

10 

EXAMPLE 67 

(N-Boc-arrrinoethyl)-(i- alanine methyl ester, HC1 

Mono-Boc-ethylenediamine (2) (16.28 g; 0.102 mol) was 15 
dissolved in acetonitrile (400 ml) and methyl acrylate (91.50 
ml; 1 .02 mol) was transferred to the mixture with acetoni- 
Lrile (200 ml). The solution was refluxed overnight under 
nitrogen in the dark to avoid polymerization of methyl 
acrylate. After evaporation to dryness, in vacuo, a mixture of 2Q 
water and ether (200+200 ml) was added, and the solution 
was filtered and vigorously stirred. The aqueous phase was 
extracted one more lime with ether and then freeze dried to 
yield a yellow solid Recrystallization from ethyl acetate 
yielded 13.09 g (46%) of the tide compound. Mp. 
138°-140° C. Anal, for C^H^N^a, found (calc.) C: 
46.49 (46.72) H: 8.38 (8.20) N: 9.83 (9.91) Ci: 12.45 
(12.54). ] H-NMR (90 MHz; DMSO-dJ: 5 1.39 (s, 9H); 2.9 
(m, 8H); 3.64 s, 3H). 

EXAMPLE 68 3 ° 

N-[(l -ThyminyOacetyll-N'-Boc-aminoethyl-p-al anine 
methyl ester 

(N-Boc-amino-ethyl)-p-alanine methyl ester, HC1 (3) (2.0 35 
g; 0.0071 mol) and l-thyminylaceticacidpentafluorophcnyl 
ester (5) (2.828 g; 0.00812 mol) were dissolved in DMF (50 
ml). Tricthyl amine (1.12 ml; 0.00812 mol) was added and 
the mixture stirred overnight. After addition of methylene 
chloride (200 ml) the organic phase was extracted with 40 
aqueous sodium hydrogen carbonate (3x250 ml), half-sat. 
aqueous potassium hydrogen sulfate (3x250 ml), and sat. 
aqueous sodium chloride (250 ml) and dried over magne- 
sium sulfate. Filtration and evaporation to dryness, in vacuo, 
resulted in 2.9 g (99%) yield (oil). 'H-NMR (250 MHz; 45 
CDCI3): due to limited rotation around the secondary amide 
several of the signals were doubled; 5 1.43 (s, 9H); 1.88 (s, 
3H); 2.63 (t, 1H); 2.74 (t, 1H); 3.25-3.55 (4xt, 8H); 3.65 
(2xt, 2H); 3.66 (s, 1.5); 3.72 (s, 1.5); 4.61 (s, 1H); 4.72 (s, 
2H); 5.59 (s, 0.5H); 5.96 <s, 0.5H); 7.11 (s, 1H); 10.33 (s, 50 
1H). 



EXAMPLE 69 
N-[( 1 -Thyminyl)acetyl]-N'-B oc-aminoethyl-P-al anine 
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N-[( 1 -Thyminyl)acetyl]->T-Boc-aniinoethyl-P-alanine 
methyl ester (3.0 g; 0.0073 mol) was dissolved in 2M 
sodium hydroxide (30 ml), Ihe pH adjusted to 2 at 0° C. with 
4M hydrochloric acid, and the solution stirred for 2 h. The 60 
precipitate was isolated by filtration, washed three times 
with cold water, and dried over sicapent, in vacuo. Yield 
2.23 g (77%). M.p. 170°-176° C. Anal, for C 17 H2 6 N 4 0 7 , 
H 2 0, found (calc.) C: 49.49 (49.03) H: 6.31 (6.78) N: 13.84 
(13.45). 1 H-NMR(90MHz;DMSO-d 6 ):8 1.38(s,9H); 1.76 65 
(s, 3H); 2,44 and 3.29 (m, 8H); 4.55 (s, 2H); 7.3 (s, 1H); 
11.23 (s. 1H). FAB-MS: 399 (M+l). 
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EXAMPLE 70 

N-[(l-(N 4 -Z>cytosyl)acetyl]-N'- 
Boc-aminoethyl-p-alanine methyl ester 

(N-Boc-amino-ethyl)-P-al anine methyl ester, HC1 (3) (2.0 
g; 0.0071 mol) and l-(N-4-Z)-cytosylacetic acid pentafluo- 
rophenyl ester (5) (3.319 g; 0.0071 mol) were dissolved in 
DMF (50 ml). Triethyl amine , (0.99 ml; 0.0071 mol) was 
added and the mixture stirred overnight After addition of 
methylene chloride (200 ml), the organic phase was 
extracted with aqueous sodium hydrogen carbonate (3x250 
ml), half-sat, aqueous potassium hydrogen sulfate (3x250 
ml), and sat. aqueous sodium chloride (250 ml), and dried 
over magnesium sulfate. Filtration and evaporation to dry- 
ness, in vacuo, resulted in 3.36 g of solid compound which 
was recrystallized from methanol. Yield 2.42 g (64%). M.p. 
158M61° C. Anal, for C^^NjOg, found (calc.) C: 55.19 
(56.49) H: 6.19 (6.26) N: 12.86 (13.18). l H-NMR (250 
MHz; CDCl 3 ): due to limited rotation around the secondary 
amide several of the signals were doubled; 8 1.43 (s, 9H); 
2.57 (t, 1H); 3.60-3.23 (m's, 6H); 3.60 (s, 1.5H); 3.66 (s, 
1.5H); 4.80 (s, 1H); 4.88 (s, 1H); 5,20 (s, 2H); 7.80-7.25 
(m's, 7H). FAB-MS: 532 (M+l). 

EXAMPLE 71 

N-[(l -(N 4 -Z)-cytosyl)acetyl]-N'- 
Boc-arninoethyl-Jl-a] anine 

N^(l(N-4-Z)-cytosyl)acetyl]-N-BcK:-arninoethyl-P-ala- 
nine methyl ester (0.62 1 g; 0.0012 mol) was dissolved in 2M 
sodium hydroxide (8.5 ml) and stirred for 2 h. Subsequently, 
pH was adjusted to 2 at 0° C. with 4M hydrochloric acid and 
the solution stirred for 2 h. The precipitate was isolated by 
filtration, washed three times with cold water, and dried over 
sicapent, in vacuo. Yield 0.326 g (54%). The white solid was 
recrystallized from 2-propanol and washed with petroleum 
ether 

Mp.l63° C (decomp.). Anal, for C 2 4H 31 N 5 O a , found 
(calc.) C: 49.49 (49.03) H: 6.31 (6.78) N: 13.84 (13.45). 
*H-NMR (250 MHz; CDC1 3 ): due to limited rotation around 
the secondary amide several of the signals were doubled; 8 
1.40 (s ( 9H); 2.57 (t, 1H); 165 (t, 1H); 3.60-3.32 (m's, 6H); 
4.85 (s, 1H); 4.98 (s, 1H); 5.21 (s. 2H); 5.71 (s, 1H. broad); 
7.99-7.25 (m's. 7H). FAB-MS: 518 (M+l). 

EXAMPLE 72 

Example of a PNA-oligomer with a guanine 
residue 

(a) Solid-Phase Synthesis of H-[Taeg] 5 -[Gaeg]-[Taeg] 4 - 
Lys-NH 2 

The protected PNA was assembled onto a Boc-Lys(ClZ) 
modified MBHA resin with a substitution of approximately 
0.15 mmol/g (determined by quantitative Ninhydrin reac- 
tion). Capping of uncoupled amino groups was only carried 
out before the incorporation of the BocGaeg-OH monomer. 

(b) Stepwise Assembly of H-[Tacg] 5 -[Gacg]-[Tacg] 4 -Lys- 
NH 2 (synthetic protocol) 

Synthesis was initiated on 102 mg (dry weight) of pre- 
swoilen (overnight in DCM) and neutralized Boc-Lys(ClZ)- 
MBHA resin. The steps performed were as follows: (1) 
Boc-deprotection with TFA/DCM (1:1, v/v), 1x2 min and 
lxW h, 3 ml; (2) washing with DCM, 4x20 sec, 3 ml; 
washing with DMF, 2x20 sec, 3 ml; washing with DCM, 
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2x20 sec, 3 ml, and drain for 30 sec; (3) neutralization with 
DIEA/DCM (f:19 v/v), 2x3 min, 3 ml; (4) washing with 
DCM, 4x20 sec, 3 ml, and drain for 1 min.; (5) addition of 
4 equiv. diisopropyl carbodiimide (0.06 mmol; 9.7 pi) and 4 
equiv. (0.06 mmol; 24 mg) BocTaeg-OH or (0.06 mmol; 30 5 
mg) BocGacg-OH dissolved in 0.6 ml DCM/DMF ( 1 : 1 , v/v) 
(final concentration of monomer 0.1M), the coupling reac- 
tion was allowed to proceed for Yi h shaking at room 
temperature; (6) drain for, 20 sec; (7) washing with DMF, 
2x20 sec and 1x2 min, 3 ml; washing with DCM 4x20 sec, io 
3 ml; (8) neutralization with DIEA/DCM (1:19 v/v), 2x3 
min, 3 ml; (9) washing with DCM 4x20 sec, 3 ml, and drab 
for 1 min.; (10) qualitative Kaiser test; (13) blocking of 
unreacted amino groups by acetylation with AcjO/pyridine/ 
DCM (1:1:2, v/v), lxVi h, 3 ml; and (12) washing with 15 
DCM, 4x20 sec, 2x2 min and 2x20 sec, 3 ml. Steps 1-12 
were repeated until the desired sequence was obtained. All 
qualitative Kaiser tests were negative (straw-yellow colour 
with no coloration of the beads) indicating near 100% 
coupling yield. The PNA-oligomer was cleaved and purified 20 
by the normal procedure. FAB-MS: 2832.11 [M*+l] (calc. 
2832.15) 

EXAMPLE 73 

23 

Solid-Phase Synthesis of 
H-Taeg-Aaeg-[Taeg] 8 -Lys-NH 2 

(a) Stepwise Assembly of Boc-Tacg-A(Z)acg-[Tkcg] 8 - 
Lys(ClZ)-MBHA Resin 30 

About 0.3 g of wet Boc-[Taeg] 8 -Lys(ClZ)-MBHA resin 
was placed in a 3 ml SPPS reaction vessel. Boc-Tfceg- 
A(Z)aeg-[Taeg] 8 -Lys(ClZ)-MBHA resin was assembled by 
in situ DCC coupling (single) of the A(Z)aeg residue uti- 
lizing 0. 19M of BocA(Z) aeg-OH together with 0. 15M DCC 35 
in 2.5 ml 50% DMF/CH 2 C1 2 and a single coupling with 
0.1 5M BocTaeg-OPfp in neat CH 2 C1 2 ("Synthetic Protocol 
5'*). The synthesis was monitored by the quantitative nin- 
hydrin reaction, which showed about 50% incorporation of 
A(Z)aeg and about 96% incorporation of Taeg. 

(b) Cleavage, Purification, and Identification of H-Taeg- 
Aaeg-[Taeg] 8 -Lys-NH 2 

The protected Boc-Taeg-A(Z) aeg-[Taeg] 8 -Lys(ClZ)- 
BAH resin was treated as described in Example 34c to yield 45 
about 15.6 mg of crude material upon HF cleavage of 53.1 
mg dry H-Taeg-A(Z)aeg-[Taeg] 8 -Lys(ClZ)-BHA resin. The 
main peak at 14.4 min accounted for less than 50% of the 
total absorbance. A 0.5 mg portion of the crude product was 
purified to give approximately 0.1 mg of H-Tacg-Aaeg- 50 
[Taeg] 8 -Lys-NH 2 . For (MH+)*" the calculated m/z value was 
2816.16 and the measured m/z value was 2816.28. 

(c) Synthetic Protocol 5 

(1) Boc-deprotection withTFA/CH 2 Cl 2 (1:1, v/v), 2.5 ml, 
3x1 min and 1x30 min; (2) washing with CH 2 Cl 2 , 2.5 ml, 55 
6x1 min; (3) neutralization with DIEA/CH^ (1:19, v/v), 
2.5 ml, 3x2 min; (4) washing with CH 2 C1 2 , 2.5 ml, 6x1 min, 
and drain for 1 min; (5) 2-5 mg sample of PNA-resin is 
taken out and dried thoroughly for a quantitative ninhydrin 
analysis to determine the substitution; (6) addition of 0.47 60 
mmol (0.25 g) BocA(Z)aeg-OH dissolved in 1.25 ml DMF 
followed by addition of 0.47 mmol (0.1 g) DCC in 1.25 ml 
ClijC^ or 0.36 mmol (0.20 g) BocTaeg-OPfp in 2.5 ml 
CH 2 C 2 ; the coupling reaction was allowed to proceed for a 
total of 20-24 hrs shaking; (7) washing with DMF, 2.5 ml, 65 
1x2 min; (8) washing with CHjCl^ 2.5 ml, 4x1 min; (9) 
neutralization with DIEA/CH 2 a 2 (1:19, v/v), 2.5 ml, 2x2 



40 



min; (10) washing with CH 2 C1 2 , 2.5 ml, 6x1 min; (11) 2-5 
mg sample of protected PNA-resin is taken out and dried 
thoroughly for a quantitative ninhydrin analysis to determine 
the extent of coupling; (12) blocking of unreacted amino 
groups by acetylation with a 25 ml mixture of acetic 
anhydride/pyridine/CH 2 Cl 2 (1:1:2, v/v/v) for 2 h (except 
after the last cycle); and (13) washing with CH 2 C1 2 , 2.5 ml, 
6x1 min; (14) 2x2-5 mg samples of protected PNA-resin are 
taken out, neutralized with DIEA/CH 2 C1 2 (1:19, v/v) and 
washed with CH 2 C1 2 for ninhydrin analyses. 



EXAMPLE 74 



Solid-Phase Synthesis of 
H-[Taeg] 2 -Aaeg-[Taeg] r Lys-NH 2 

(a) Stepwise Assembly of Boc-[Taeg] 2 -A(Z)aeg-[Taeg] 3 - 
Lys(ClZ)-MBHA Resin 

About 0.5 g of wet Boc-[Taeg] 5 -Lys(ClZ)-MBHA resin 
was placed in a 5 ml SPPS reaction vessel. Boc-lTaeg] 2 - 
A(Z)aeg-[Taeg] 5 -Lys(ClZ)-MBHA resin was assembled by 
in situ DCC coupling of both the A(Z)acg and the Tacg 
residues utilising 0.15M to 0.2M of protected PNA mono- 
mer (free acid) together with an equivalent amount of DCC 
in 2 ml neat CH 2 C1 2 ("Synthetic Protocol 6"). The synthesis 
was monitored by the quantitative ninhydrin reaction which 
showed a total of about 82% incorporation of A(Z)aeg after 
coupling three times (the first coupling gave about 50% 
incorporation; a fourth HOBt-mediated coupling in 50% 
DMF/CH2C12 did not increase the total coupling yield 
significantly) and quantitative incorporation (single cou- 
plings) of the Taeg residues. 

(b) Cleavage, Purification, and Identification of H-[Taeg] 
2 -Aaeg-[Taeg] 5 -Lys-NH 2 

The protected Boc-[Taeg] 2 -A(Z)aeg-[Taeg] 5 -Lys(ClZ)- 
BHA resin was treated as described in Example 34c to yield 
about 16.2 mg of crude material upon HF cleavage of 102.5 
mg dry H-[raeg] 2 -A(Z)aeg-[Taegj 5 -Lys(ClZ)-BHA resin. A 
small portion of the crude product was purified. For (MH+) + , 
the calculated m/z value was 2050.85 and the measured m/z 
value was 2050.90 

(c) Synthetic Protocol 6 

(1) Boc-deprotection with TFA/CH 2 C1 2 (1:1, v/v), 2 ml, 
3x1 min and 1x30 min; (2) washing with CH 2 C1 21 2 ml, 6x1 
min; (3) neutralization with DIEA/CH 2 C1 2 (1:19, v/v), 2 ml, 
3x2 min; (4) washing with CH 2 C1 2 , 2 ml, 6x1 min, and drain 
for 1 min; (5) 2-5 mg sample of PNA-resin was taken out 
and dried thoroughly for a quantitative ninhydrin analysis to 
determine the substitution; (6) addition of 0.44 mmol (0.23 
g) Boca (Z) aeg-OH dissolved in 1 .5 ml CH 2 Cl 2 followed by 
addition of 0.44 mmol (0.09 g) DCC in 0.5 ml CH 2 C1 2 or 
0.33 mmol (0. 1 3 g) BocTaeg-OH in 1 .5 ml CH 2 C1 2 followed 
by addition of 0.33 mmol (0.07 g) DCC in 0.5 ml CH 2 C1 2; ; 
the coupling reaction was allowed to proceed for a total of 
20-24 hrs with shaking; (7) washing with DMF, 2 ml, 1x2 
min; (8) washing with CH 2 C1 2 , 2 ml, 4x1 min; (9) neutral- 
ization with DIEA/CH 2 C1 2 (1:19. v/v). 2 ml, 2x2 min; (30) 
washing with CH 2 C1 2 , 2 ml, 6x1 min; (1 1) 2-5 mg sample 
of protected PNA-resin is taken out and dried thoroughly for 
a quantitative ninhydrin analysis to determine the extent of 
coupling; (12) blocking of unreacted amino groups by 
acetylation with a 25 ml mixture of acetic anhydride/ 
pyridine/CH 2 Cl 2 (1:1:2, v/v/v) for 2 h (except after the last 
cycle); (13) washing with CH 2 C1 2 , 2 ml, 6x1 min; and (14) 
2x2-5 mg samples of protected PNA-resin were taken out. 
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neutralized with DIEA/CH 2 C1 2 (1:19, v/v) and washed with 
CH 2 C1 2 for ninhydrin analyses. 

EXAMPLE 75 

The PNA-oligomer H-T4C2TCT-LysNH 2 was prepared 
as described in Example 110. Hybridization experiments 
with this sequence should resolve the issue of orientation, 
since it is truly asymmetrical. Such experiments should also 
resolve the issues of pH-dependency of the Tm, and the 
stoichiometry of complexes formed. Hybridization experi- 
ments with the PNA-oligomer H-T^TCTC-LysNHj were 
performed as follows: 



10 



Row Hybridized With 



pH Tm § 15 



1 


S'-CdAUdG^tdAJtdGKdAJtdG) 


7.2 


55.5 


2:1 


. 2 


S'-CdAUdGMdAHcraXdAXdG) 


9.0 


26.0 


2:1 


3 


S'-CdAydG^tdAXdGXdAXdG) 


5.0 


88.5 


2:1 


4 


SXdGXdAXdGXdAXdGMdAU 


7.2 


38.0 


2:1 


5 


S'-CdGXdAXdGXdAXdGMdAX, 
SMdGXdAXdGXdAXdGMdAX. 


9.0 


31.5 




6 


5.0 


515 




7 


5XdA) 4 (dG)(dT)(dA)(dG)(dAXdG) 


7.2 


39.0 




3 


5'-(dA)<(dGXdT)(dAXdGXdAXdG) 


9.0 


<20 




9 


5'-(dA) 4 (dG)(dT)(dA)(dGXdAXdG) 


5.0 


51:5 




10 


5'-(dAUdG)lid 2(dT)(dGXdA)(dG) 


7.2 


31.5 




11 


S'-CdAWdG^dTXdGXdAXdG) 


5.0 


50.5 




12 


5 , -(dG)(dAXdG)(dA)dT)(dG)(dA) 4 


7.2 


24.5 




13 


5 , -(dG)(dA)(dG)(dA)dT)(dG)(dA) 4 
5'-tdG)(dA)tdG)(di\)dT)tdG)(dA) 4 


9.0 


<20 




14 


5.0 


57.0 




15 


5'-(dG)(dA)(dG)(dTXdG) 2 (dA) 4 


7.2 


25.0 




16 


S'^dGXdAJCdGJtdTKdG^dA), 


5.0 


39.5 
52.0 





- 20 



25 



§ = stoichiometry determined by UV irrixing curves 
— = not determined 



30 



35 



40 



These results show that a truly mixed sequence gave rise 
to well defined melting curves. The PNA-oligomers can 
actually bind in both orientations (compare row 1 and 4), 
although there is preference for the N-terminal/S'-orienta- 
tion. Introducing a single mismatch opposite either T or C 
caused a lowering of T m by more than 16° C. at pH 7.2; at 
pH 5.0 the T m -value was lowered more than 27° C. This 
shows that there is a very high degree a sequence-selectivity 
which should be a general feature for all PNA C/T 
sequences. 

As indicated above, there is a very strong pH-dependency 
for the T m -valuc, indicating that Hoogsteen basepairing is 45 
important for the formation of hybrids. Therefore, it is not 
surprising that the stoichiometry was found to be 2:1. 

The lack of symmetry in the sequence and the very large 
lowering of T m when mismatches are present show that the 
Watson-Crick strand and the Hoogsteen strand are parallel so 
when bound to complementary DNA. This is true for both of 
the orientations, i.e., S'/N-terminal and 3VN-tenninal. 



EXAMPLE 76 

The results of hybridization experiments with H-T 5 GT 4 - 
LysNH 2 to were performed as follows: 



Row 


Deoxyolignonucleotide 


Tm 




S'-CdAtftdAXdA^y 


55.0 




S'-tdA^tdGXdA^' 


47.0 




5'-(dA)5(dG)(dA)4-3' 


56.5 




5-(dA)5(dTXdA)4-3' 


46.5 




S'-tdAWdGXdA^' 


48.5 




5'-(dA)4(dQ(dA)5-3' 


55.5 




SXdAWdTXdA^O' 


47.0 
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As shown by comparing rows 1, 3, and 6 with rows 2, 4, 
5, and 7, G can in this mode discriminate between C/A and 
G/T in the DNA-strand, i.e., sequence discrimination is 
observed. The complex in row 3 was furthermore deter- 
mined to be 2 PNA: 1 DNA complex by UV- mixing curves. 



EXAMPLE 77 

The masses of some synthesized PNA-oligomers, 
determined by FAB mass spectrometry, are as follows: 



as 



SEQUENCE 


CALC 


FOUND 


H-T 4 C2TCTC-LYsNH 2 


2747.15 


2746.78 


H-T 3 GT 4 -LysNH 2 


2832.15 


2832.11 


H-T r LysNH 2 


2008.84 


2540.84 


H-T,-LysNH 2 


2541.04 


2540.84 


H-T, 0 -LysNH 2 


2807.14 


2806.69 


H-T 2 CT s -LysNH 2 


2259.94 


2239.18 


H-T 3 (UalaT)T 4 -LyiNH 2 


2287.95 


2288.60 


H-T^AcJTs-LysNHj 


2683.12 


2683.09 



EXAMPLE 78 

Hybridization data for a PNA-oligomer with a single unit 
with an extended backbone (the p-alanine modification) is as 
follows: 



PNA 



DNA 



H-T 10 -LysnH 2 


(dA) t0 


73° C 


H-T 4 (j3T)T 3 -LysNH 2 


(dA) m 


57° C. 


H-TVOSTTTs-LysNHj 


(dA) 4 (dGXdA) s 


47° C 


H-T 4 (pTrr 5 -LysNH 2 


(dA) 4 (dT)(dA) s 
(dAMdTXdA)* 


49° C 


H-T 4 0TTr s -LysNH 2 


47° C. 



Although the melting temperature decreases, the data dem- 
onstrates that base specific recognition is retained. 

EXAMPLE 79 
An example with a "no base" substitution. 



PNA 




55 



60 



H-T J0 -LysNH 2 


(dA) l0 


73° C 


H-T^-CAcyTs-LysNHj 


(dA) l0 


49° C. 


H-T 4 -(Acrr 5 -LysNH 2 


(dAktdGXdA) 5 


37° C. 


H-^-CAcris-LytN^ 


(dAMdCXdA) 5 
(dA) 4 (dT){dA) 5 
(dAMdGXdAJ 4 


41° C 


H — T 4 — (AcJT 5 — LysNH 2 


41° C 


H-^-CAcJTj-LysNH, 


36° C. 


H-T 4 -(Acrr 5 -LysNH 2 


(dA^dCXdA) 4 


40° C. 


H-T 4 -(Acrr s -LysNH 2 


(dA) 5 (dTXdA) 4 


40° C 



EXAMPLE 80 

Iodination Procedure 

A 5 ug portion of Tyr-PNA-Tjo-Lys-NHV, is dissolved in 
65 40 ul 100 tnM Na-phosphate, pH 7.0, and 1 mCi Na 125 and 
2 chloramine-T (50 mM in CH 3 CN) are added. The 
solution is left at 20° C. for 10 min and then passed through 
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a 0.5+5 cm Sephadex G10 column. The first 2 fractions (100 
ul each) containing radioactivity are collected and purified 
by HPLC: reversed phase C-18 using a 0-60% CH 3 CN 
gradient in 0.1% CF 3 COOH in H 2 0. The 125 I-PNA elutes 
right after the PNA peak. The solvent is removed under 5 
reduced pressure. 

EXAMPLE 81 

Binding of PNAs-T l0 /T 9 C/T 8 C 2 to double stranded 10 
DNA targets A 1C /A 9 G/A 8 G 2 (FIG. 10) 

A mixture of 200 cps 32 P-labeled EcoRl-PvuII fragment 
(the large fragment labeled at the 3'-end of the EcoRI site) 
of the indicated plasmid, 0.5 ug carrier calf thymus DNA, 15 
and 300 ng PNA in 100 ul buffer (200 mM NaCl, 50 rruM 
Na-acetate, pH 4.5, 1 mM ZnS0 4 ) was incubated at 37° C. 
for 120 min. A 50 unit portion of nuclease Sj was added and 
incubated at 20° C. for 5 min. The reaction was stopped by 
addition of 3 ul 0.5M EDTA and the DNA was precipitated ^ 
by addition of 250 \si 2% potassium acetate in cthanol. The 
DNA was analyzed by electrophoresis in 10% polyacryla- 
mide sequencing gels and the radiolabeled DNA bands 
visualized by autoradiography. 

The target plasmids were prepared by cloning of the 25 
appropriate oligonucleotides into pUC19. Target A 10 : oligo- 
nucleotides GATCCA 10 G & GATCCT l0 G cloned into the 
BamHT site (plasmid designated pTIO). Target A 5 GA 4 : 
oligonucleotides TCGACT 4 CT 5 G & TCGACA 3 GA 4 G 
cloned into the Sail site (plasmid pT9C). Target A 2 G A 2 GA 4 : 30 
oligonucleotides GA 2 GA 2 GA 4 TGCA & 

GT 4 CT 2 CT 2 CTGCA into the PstI site (plasmid pTSC2). The 
positions of the targets in the gel are indicated by bars to the 
left. A/G is an A+G sequence ladder of target P10. 

35 

EXAMPLE 82 . 

Inhibition of restriction enzyme cleavage, by PNA 
(FIG. 11) 

A 2 jig portion of plasmid pTIO was mixed with the 40 
indicated amount of PNA-T 10 in 20 uJ TE buffer (10 mM 
Tris-HCl, mM EDTA, pH 7.4) and incubated at 37° C. for 
120 min. 2 ul lOxbuffer (10 mM Tris-HCl, pH 7.5, 10 mM, 
MgCl 2 , 50 mM NaCl, 1 mM DTT). PvuII (2 units) and 
BamHI (2 units) were added and the incubation was con- 45 
tinued for 60 min. The DNA was analyzed by gel electro- 
phoresis in 5% polyacrylamide and the DNA was visualized 
by ethidium bromide staining. 

EXAMPLE 83 50 

Kinetics of PNA-T 10 — dsDNA strand displacement 
complex formation (FIG. 12) 

A mixture of 200 cps 32 P-labclcd EcoRI-PvuII fragment 55 
of pTIO (the large fragment labeled at the 3'-end of the 
EcoRI site), 0,5 ug carrier calf thymus DNA, and 300 ng of 
PNA-T 10 -LysNH 2 in 100 ul buffer (200 mM NaCl, 50 mM 
Na-acetate, pH 4.5, 1 mM ZnS0 4 ) were incubated at 37° C. 
At the times indicated, 50 U of Si nuclease was added to 60 
each of 7 samples and incubation was continued for 5 min 
at 20° C. The DNA was then precipitated by addition of 250 
ul 2% K- acetate in ethanol and analyzed by electrophoresis 
in a 10% polyacrylamide sequencing gel. The amount of 
strand displacement complex was calculated from the inten- 65 
sity of the S, -cleavage at the target sequence, as measured 
by densitometric scanning of autoradiographs. 
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EXAMPLE 84 

Stability of PNA-dsDNA complexes (FIG. 13) 

A mixture of 200 cps 32 P-pT10 fragment, 0.5 ug calf 
thymus DNA and 300 ng of the desired PNA (either T 10 - 
LysNH 2 , T 8 -LysNH 2 or Tg-LysNHJ was incubated in 100 ul 
200 mM NaCl, 50 mM Na-acetate, pH 4.5, 1 mM ZnS0 4 for 
60 min at 37° C. A 2 jig portion of oligonucleotide 
GATCCA 10 G was added and each sample was heated for 10 
min at the temperature indicated, cooled in ice for 10 min 
and warmed to 20° C. A 50 U portion of S, nuclease was 
added and the samples treated and analyzed and the results 
quantified. 

EXAMPLE 85 

Inhibition of Transcription by PNA 

A mixture of 100 ng plasmid DNA (cleaved with restric- 
tion enzyme PvuII (see below) and 100 ng of PNA in 15 ul 
10 mM Tris-HCl, 1 mM EDTA, pH 7.4 was incubated at 37° 
C. for 60 min. Subsequently, 4 ul 5xconcentrated buffer 
(0.2M Tris-HQ (pH 8.0), 40 mM MgQ 2 , 10 mM spermi- 
dine, 125 mM NaCl) were mixed with 1 ul. NTP-mix (10 
mM ATP, 10 mM CTP, 10 mM GTP, 1 mM UTP, 0.1 uCi/ul 
32 P-UTP, 5 mM DTT, 2 ug/ml tRNA, I ug/ml heparin) and 
3 units RNA polymerase. Incubation was continued for 10 
min at 37° C. The RNA was then precipitated by addition of 
60 ul 2% postassium acetate in 96% ethanol at -20° C. and 
analyzed by electrophoresis in 8% polyacrylamide sequenc- 
ing gels. RNA transcripts were visualized by autoradiogra- 
phy. The following plasmids were used: pT8C2-KS/pA8G2- 
KS : oligonucleotides GA 2 GA 2 GA 4 GTG AC & 
GT 4 CT 2 CT 2 CTGCA cloned into the PstI site of pBluescript- 
KS + ; pTIO-KS/pAlO-KS (both orientations of the insert 
were obtained). pT10UV5: oligonucleotides GATCCA )0 G 
& GATCCT, 0 G cloned into the BamHI site of a pUC18 
derivative in which the lac UV5 E. coli promoter had been 
cloned into the EcoRI site (Jeppesen, et al., Nucleic Acids 
Res., 1988, 16, 9545). 

Using T 3 -RNA polymerase, transcription elongation 
arrest was obtained with PNA-T 8 C2-LysNH 2 and the 
pA8G2-KS plasmid having the PNA recognition sequence 
on the template strand, but not with pT8C2-KS having the 
PNA recognition sequence on the non-template strand. Simi- 
lar results were obtained with PNA-T10-LysNH 2 and the 
plasmids pAlO-KS and pTIO-KS. Using E. coli RNA poly- 
merase and the pT10UV5 plasmid (A 10 -sequence on the 
template strand) transcription elongation arrest was obtained 
with PNA-T 10 -LysNH 2 . 

EXAMPLE 86 

Biological stability of PNA 

A mixture of PNA-T 3 (10 ug) and a control, "normal" 
peptide (10 fig) in 40 ul 50 mM Tris-HQ, pH 7.4 was treated 
with varying amounts of peptidase from porcine intestinal 
mucosa or protease from Sireptomyces caespitosus for 10 
min at 37° C. The amount of PNA and peptide was deter- 
mined by HPLC analysis (reversed phase C-18 column: 
0-60% acetonitrile, 0.1% trifluoroacetic acid). 

At peptidase/protease concentrations where complete 
degradation of the peptide was observed (no HPLC peak) 
the PNA was still intact 
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EXAMPLE 87 
Inhibition of Gene Expression 

A preferred assay to test the ability of peptide nucleic 
acids to inhibit expression of the E2 mRNA of papilloma- 5 
virus is based on the well-documented transact! vation prop- 
erties of E2. Spalholtz, etal.,7. Virol, 1987,61,2128-2137. 
A reporter plasmid (E2RECAT) was constructed to contain 
the E2 responsive element, which functions as an E2 depen- 
dent enhancer. E2RECAT also contains the SV40 early 10 
promoter, an early polyadenylation signal, and the chloram- 
phenicol acetyl transferass gene (CAT). Within the context 
of this plasmid, CAT expression is dependent upon expres- 
sion of E2. The dependence of CAT expression on the 
presence of E2 has been tested by trans fection of this 15 
plasmid into CI 27 cells transformed by BPV-1, uninfected 
C127 cells and C127 cells cotransfected with E2RECAT and 
an E2 expression vector. 

A. Inhibition of BPV-1 E2 Expression 20 

BPV-1 transformed CI 27 cells arc plated in 12 well 
plates. Twenty four hours prior to transfection with E2RE1, 
cells arc prctrcatcd by addition of antisense PNAs to the 
growth medium at final concentrations of 5, 15 and 30 mM. ^ 
The next day cells are transacted with 10 ug of E2RE1CAT 
by calcium phosphate precipitation. Ten micrograms of 
E2RE1CAT and 10 ug of carrier DNA (PUC 19) are mixed 
with 62 ul of 2M CaCl 2 in a final volume of 250 ul of H 2 0. 
followed by addition of . 250 ul of 2X HBSP (1.5 mM 
N^PC^. 10 mM KC1, 280 mM NaCl, 12 mM glucose and 
50 mM HEPES, pH 7.0) and incubated at room temperature 
for 30 minutes. One hundred microliters of this solution is 
added to each test well and allowed to incubate for 4 hours 
at 37° C. After incubation, cells are glycerol shocked for 1 35 
minute at room temperature with 15% glycerol in 0.75 mM 
Na 2 P0 2 , 5 mM KC1, 140 mM NaCl, 6 mM glucose and 25 
mM HEPES, pH 7.0. After shocking, cells are washed 2 
times with serum free DMEM and refed with DMEM 
containing 10% fetal bovine serum and antisense oligo- ^ 
nucleotide at the original concentratioa Forty eight hours 
after transfection cells are harvested and assayed for CAT 
activity. 

For determination of CAT activity, cells are washed 2 
times with phosphate buffered saline and collected by scrap- 45 
ing. Cells are resuspended in 100 ul of 250 mM Tris-HCl, 
pH 8.0 and disrupted by freeze-thawing 3 times. Twenty four 
microliters of cell extract is used for each assay. For each 
assay the following are mixed together in an 1.5 ml Eppen- 
dorf tube and incubated at 37° C. for one hour 25 ul of cell 50 
extract, 5 ul of 4 mM acetyl coenzyme A, 18 ul Kfi and 1 
ul 14 C-chloramphenicol, 40-60 mCi/mM. After incubation, 
chloramphenicol (acetylated and nonacetylated forms) is 
extracted with ethyl acetate and evaporated to dryness. 
Samples are resuspended in 25 ul of ethyl acetate, spotted 55 
onto a TLC plate and chromatographed in chloroform- 
:methanol (19:1). Chromato graphs are analyzed by autora- 
diography. Spots corresponding to acelylated and nonacety- 
lated 1 ^-chloramphenicol are excised from the TLC plate 
and counted by liquid scintillation for quantitation of CAT 50 
activity. Peptide nucleic acids that depress CAT activity in a 
dose dependent fashion are considered positives. 

B. Inhibition of HPV E2 Expression 

The assay for inhibition of human papillomavirus (HPV) 65 
E2 by peptide nucleic acids is essentially the same as that for 
BPV-1 E2. For HPV assays appropriate HPVs arc cotrans- 
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fectcd into cither CV-1 or A431 cells with PSV2NEO using 
the calcium phosphate method described above. Cells which 
take up DNA are selected for by culturing in media con- 
taining the antibiotic G418. G418-resistant cells are then 
analyzed for HPV DNA and RNA. Cells expressing E2 are 
used as target cells for antisense studies. For each PNA, cells 
are pretreated as above, transfected with E2RE1CAT, and 
analyzed for CAT activity as above. Peptide nucleic acids 
are considered to have a positive effect if they can depress 
CAT activity in a dose dependent fashion. 

EXAMPLE 88 

Synthesis of PNA 1 5-mer Containing Four 
Naturally Occurring Nucleobases; 
H-(Taeg]-[Aaeg]-[Gaeg]-[Taeg]-[Taeg]-[Aaeg]- 
[1aeg]-[Caeg]-[Taeg]-tCaeg]-[Taeg]-[Aaeg]- 
[TaegHCaegHTaegJ-LYS-NR, 

The protected PNA was assembled onto a Boc-Lys(ClZ) 
modified MB HA resin with a substitution of approximately 
0.145 mmol/g. Capping of uncoupled amino groups was 
only carried out before the incorporation of the BocGaeg- 
OH monomer. 

Synthesis was initiated on 100 mg (dry weight) of neu- 
tralised Boc-Lys(ClA)-MBHA resin that had been preswol- 
len overnight in DeM The incorporation of the monomers 
followed the protocol of Example 49, except at step 5 for the 
incorporation of the BocAaeg-OH monomer. Step 5 for the 
present synthesis involved addition of 4 equiv. diisopropyl 
carbodiimide (0.06 ml; 9.7 ul) and 4 equiv. BocAaeg-OH 
(0.06 mmol; 32 mg) dissolved in 0.6 ml DCM/DMF (1:1, 
v/v) (final concentration of monomer 0.1M). The coupling 
reaction was allowed to proceed for 1x15 min and 1x60 min. 
(recouping). 

All qualitative Kaiser tests were negative (straw-yellow 
color with no coloration of the beads). The PNA-oligomer 
was cleaved and purified by the standard procedure. FAB- 
MS average mass found(calc) (M+H) 4145.1 (4146.1). 

EXAMPLE 89 



Hybridization of H-TAGTTATCTCTATCT-LysNH 2 



DNA - target 


PH 


Tm 


5'~~3* 


5 


60.5 


5'— 3' 


7.2 


43.0 


5™3- 


9 


3S.5 


3'-~5' 


5 


G4.5/49.0 


3'—5' 


7.2 


53.5 


3'.-~5' 


9 


51.5 



The fact that there is almost no loss in Tm in going from 
pH 7.2 to 9.0 indicates that Hoogsteen basepairing is not 
involved. The increase in Tm in going from 7.2 to 5 is large 
for the parallel orientation and is probably due to the 
formation of a 2:1 complex. It is believed that the most 
favorable orientation in the Watson-Crick binding motif is 
the 37N-orientation and that in the Hoogsteen motif the 
5YN-orientation is the most stable. Thus, it may be the case 
that the most stable complex is with the two PNA's strands 
anti parallel. 

There is apparendy a very strong preference for a parallel 
orientation of the Hoogsteen strand. This seems to explain 
why even at pH 9 a 2:1 complex is seen with the 5'/N- 
orientation. Furthermore, it explains the small loss in going 
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from pH 7.2 to 9 in the 3VN, as this is probably a 1:1 
complex. 



EXAMPLE 90 



Solid-Phase Synthesis of 
H-[Taeg] 2 -Aaeg-Taeg-Caeg-Aaeg- 
Taeg-Caeg-Taeg-Caeg-Lys-NH 2 

(a) Stepwise Assembly of Boc-[Taeg]2-A(Z)aeg-Tacg- 
C(Z)aeg-A(Z)aeg-Taeg-C(Z)aeg-Taeg-C(Z)aeg-Lys (C1Z)- 
MBHA Resin 

About 1 g of wet Boc-Lys(ClZ)-MBHA (0.28 mmol 
Lys/g) resin was placed in a 5 ml SPPS reaction vessel. 
Bcc-[Taeg]2-A(Z)aeg-Taeg^(Z)aeg-A(Z)aeg-Taeg- 
C(Z)aeg-Taeg-C(Z)aeg-Lys(ClZ)-MBHA resin was 
assembled by in situ DCC coupling of the five first residues 
utilizing 0.1 6M of BocC[Z]-OH, BocTaeg-OH or 
BocA(Z)aeg-OH, together with 0.16M DCC in 2.0 ml 50% 
DMF/CH2C1 2 ("Synthetic Protocol 9") and by analogous in 
situ DIC coupling of the five last residues ("Synthetic 
Protocol 10"). Each coupling reaction was allowed to pro- 
ceed for a total of 20-24 hrs with shaking. The synthesis was 
monitored by the ninhydrin reaction, which showed nearly 
quantitative incorporation of all residues except of the first 
A(Z)aeg residue, which had to be coupled twice. The total 
coupling yield was about 96% (first coupling, about 89% 
efficiency). 

(b) Cleavage, Purification, and Identification of H-[Tacg] 
2-Aaeg-Taeg-Caeg-Aaeg-Taeg-Caeg-Taeg-Caeg-Lys-NH2 

The protected Boc-[Taeg]2-A(Z)aeg-Taeg-C(Z)aeg- 
A(Z)aeg-Taeg-C(Z)aeg-Taeg-C(Z)aeg-Lys(ClZ)-MBHA 
resin was treated as described in Example 34c to yield about 
53.4 mg of crude material upon HF cleavage of 166.1 mg 
dry Boc-LTacg]2-A(Z)acg-Tacg-C(Z)acg-A(Z)aeg-Taeg- 
C(Z)aeg-Taeg-C(Z)aeg-Lys(ClZ)-MBHA resin. The crude 
product (53.4 mg) was purified to give 18.3 mg of H-[Taeg] 
2-Aaeg-Taeg-Caeg-Aaeg-Taeg-Caeg-Taeg-Caeg-Lys-NH2. 
For (M+H)+, the calculated m/z value=2780.17 and the 
measured m/z value=2780.07. 



EXAMPLE 91 



Oligodeoxynucleotide 


pH 


Tm (°C.) 


y-AAT AOTAGTO-3 


5 


31.5 


y-ATT AGTAGT G-3' 


7.2 


28.5 


S'-AAT AGTAGT G-3" 


9 


28.0 


5'-GTG ATGATAA-3* 


7.2 


30.5 


5'-GTG AT G ATA A-3' 


9 


28.0 



20 



25 



35 



40 



45 



50 



Hybridization properties of H-TTA TCA TCT 
C-Lys-NH 2 

The title compound hybridized with the following oligo- 
nucleotides; 



55 



60 



65 



64 

EXAMPLE 92 

Synthesis of a PNA With Two Parallel Strings Tied 
Together 



10 




NH 2 



A 375 mg portion of MBHA resin (loading 0.6 mmol/g) 
was allowed to swell over night in dichloromethane (DCM). 
After an hour in DMF/DCM, the resin was neutralized by 
washing 2 times with 5% diisopropylethylamine in DCM (2 
min.), followed by washing with DCM (2 ml; 6x1 min.) 
N,N'-di-Boc-aminoethyl glycine (41,9.mg; 0,132 mmol) 
dissolved in 2 ml DMF was added to the resin, followed by 
DCC (64,9 mg; 0,315 mmol) dissolved in 1 ml of DCM, 
After 2.5 hours, the resin was washed with DMF 3 times (1 
min.) and once with DCM (1 min.). The unreacted amino 
groups were then capped by treatment with acetic anhydride/ 
DCM/pyridine (1 ml\2 ml\2 ml) for 72 hours. After washing 
with DCM (2 ml; 4x1 min), a Kaiser test showed no amino 
groups were present. The resin was deprotected and washed 
as described above. This was followed by reaction with 
6-(Bocamino)-hexanoic acid DHBT ester (255.8 mg; 67 
mmol) dissolved in DMF/DCM 1:1 (4 ml) overnight. After 
washing and ncutraliation, a Kaiser test and an isatin test 
were performed. Both were negative. After capping, the 
elongenation of the PNA-chains was performed according to 
standard procedures for DCC couplings. All Kaiser tests 
performed after the coupling reactions were negative (Yel- 
low). Qualitative Kaiser tests were done after deprotection 
of PNA units number 1,2,4, and 6. Each test was blue. The 
PNA oligomers were cleaved and purified by standard 
procedures. 

The amount of monomer and DCC used for each coupling 
was as follows (total volume 4.5 ml): 



Coupling 


Monomer (T) 


DCC 


1. 


173 mg 


95 mg 


2. 


176 mg 


101 mg 


3! 


174 mg 


97 rag 


4. 


174 mg 


103 mg 


5. 


173 mg 


97 mg 


6. 


173 mg 


99 mg 


7. 


174 mg 


95 mg 


8. 


175 mg 


96 mg 



Low hypochromidty 



For the PNA having the Structure (70) where R 70 =T 6 , 
there was 24.5 mg of crude product, which resulted in 6.9 
mg. after purification. For the PNA where Ri=T 8 , there was 
28.8 mg of crude product, which resulted in 2.8 mg. after 
purification. The products had a high tendency of aggrega- 
tion, as indicated by a complex HPLC chromatogram after 
a few hours at room temperature in concentration above 1 
mg/ml. The FNA-CT^ and PNA-(T 8 ) 2 were hybridised to 
(dA) 6 and (dA) 8t respectively, with recorded Tm of 42° C. 
and 59° C, respectively. 

EXAMPLE 93 

Solid-Phase Synthesis of 
H-[Taeg] r Lys(ClZ)-MBHA Resin 

The PNA oligomer was assembled onto 500 mg (dry 
weight) of MBHA resin that had been preswollen overnight 
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in DCM. The resin was initially substituted with approxi- 
mately 0.15 mmol/g Boc-Lys(ClZ) as determined by quan- 
titative ninhydrin reaction. The stepwise synthesis of the 
oligomer followed the synthetic protocol described in 
Example 49 employing 0.077 g (0.2 mmol) BocTaeg-OH 5 
and 31.3 ul (0.2 mmol) diisopropyl carbodiimide in 2.0 ml 
50% DMF/CH 2 C1 2 in each coupling. Capping of uncoupled 
amino groups was carried out before deprotection in each 
step. All qualitative Kaiser tests were negative indicating 
near 100% coupling, yield. io 



EXAMPLE 94 



Solid-Phase Synthesis of 
H-[Taeg] 4 -[apgTHTaeg] 5 .Lys-NH 2 

Synthesis was initiated on approximately Vi of the wet 
H-[Taeg]5-Lys(ClZ)-MBHA resin from Example 93. In situ 20 
diisopropyl carbodiimide (DIC) couplings of both Boc- 
(apgT)-OH and BocTaeg-OH were carried out in 1 .2 ml 50% 
DMF/CH 2 C1 2 using 119 0.048 g (0.12 mmol) and 0,046 g 
(0.12 mmol) monomer, respectively, and 18.7 ul (0.12 
mmol) diisopropyl carbodiimide in each coupling 0 All quali- 25 
tativc Kaiser tests were negative, indicating near 100% 
coupling yield. The PNA oligomer was cleaved and purified 
by standard procedures. For (M+H)+, the calculated m/z 
value was 2820.15 and the measured m/z value was 2820.92. 



EXAMPLE 95 



Solid-Phase Synthesis of 
H-[Taeg] 4 -[proTl-[Tacg] 5 .Lys-NH 2 

Synthesis was initiated on approximately W of the wet 
H-[Taeg] 3 -Lys(ClZ)-MBHA resin from Example 93. In situ 
diisopropyl carbodiimide couplings of BocTaeg-OH were 40 
carried out in 1 .2 ml 50% DMF/CH 2 C1 2 using 0.046 g (0. 1 2 
mmol) monomer and 18.7 ul (0.12 mmol) diisopropyl car- 
bodiimide in each coupling. Due to solubility problems, 
Boc-(proT)-OH 0.048 g (0.12 mmol) was suspended in 2.5 
ml 50% DMF/DMSO prior to coupling, the suspension 45 
filtered, and approximately 2 ml of the filtrate used in the 
overnight coupling. All qualitative Kaiser tests were nega- 
tive, indicating near 100% coupling yield. The PNA oligo- 
mer was cleaved and purified by standard procedures. 

50 

EXAMPLE 96 



Hybridization properties of 
H-[TaegJ 4 -[proT]-[Taeg]5_Lys-NH 2 



Oligodcoxynuclco tide 


Tm (°C.) 


5'- AAA AAA AAA A 


53.5 


5-'AAA AGA AAA A 


44.0 


S'-AAAAAO AAA A 


43.5 


5' -AAA ACA AAA A 


46.5 


5'-AAA AAC AAA A 


46.5 


5'- AAA ATA AAA A 


46.5 


5'- AAA AAT AAA A 


46.0 
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EXAMPLE 97 



Solid-Phase Synthesis of 
H-[Taeg] 4 -[bCHTaeg] 5 -Lys-NH 2 

The PNA oligomer was assembled onto 100 mg (dry 
weight) MB HA resin that had been preswollen overnight in 
DCM. The resin was initially substituted with approximately 
0.25 mmol/g Boc-Lys(ClZ) as determined by quantitative 
ninhydrin reaction. The stepwise synthesis of the oligomer 
followed synthetic Protocol 9 employing 0.023 g (0.06 
mmol) BocTaeg-OH, 0.062 g (0.12 mmol) BocbC(Z)-OH 
and 0.01 2 g (0.06 mmol) DCC in 1 .2 ml 50% DMF/CH 2 C1 2 
in each coupling. Capping of uncoupled amino groups was 
carried out before deprotection in each step. All qualitative 
Kaiser tests were negative, indicating near 100% coupling 
yield. The PNA-oligomer was cleaved and purified by 
standard procedures. 

EXAMPLE 98 
Hybridization properties of H-T 4 bCT 5 -Lys-NH 2 



30 



35 



Oligode oxymicleotide 


Tm CC.) 


5 '-AAA AAA AAA A 


43.5 


5- 'AAA AGA AAA A 


58.0 


5'-AAA AAG AAA A 


60.0 


5'-AAA ACA AAA A 


34.5 


5 -AAA AAC AAA A 


34.5 


5'- AAA ATA AAA A 


34.0 


5'- AAA AAT AAA A 


36.0 



EXAMPLE 99 

Stepwise Assembly of 
H-[Taegl-[Taeg]-CTaeg]-[Taeg]-[Aaeg]-lTaegl-[Taeg]- 
[1^eg]-[Taeg]-[Taeg]-LYS-NH 2 

Synthesis was initiated on a Boc-[Taeg] r Lys(ClZ)- 
MBHA resin (from example 76) that had been preswollen 
overnight in DCM. The resin resembled approximately 100 
mg (dry Weight) of Boc-Lys(ClZ)-MBHA resin (loading 
0,15 mmol/g). The incorporation of the monomers followed 
the protocol of example 55, except for step 5 (incorporation 
of the Boca(Z)acg-OH monomer). New step 5 (incorpora- 
tion of A (Z)aeg) involved addition of 4 cquiv. diisopropyl 
carbodiimide (0.06 mmol; 9.7 ul) and 4 equiv. BocA(Z)aeg- 
OH (0.06 mmol; 32 mg) dissolved in 0.6 ml DCM/DMF 
(1:1, v/v) (final concentration of monomer 0.1M). The 
coupling reaction was allowed to proceed for 1x15 min. and 
1x60 min. (recoupling). 

Capping of uncoupled amino groups was only carried out 
before the incorporation of the BocA(Z)aeg-OH monomer. 
The coupling reaction was monitored by qualitative ninhy- 
drin reaction (Kaiser test). All qualitative Kaiser tests were 
negative (straw-yellow color with no coloration of the 
beads). Hie PNA oligomer-was cleaved and purified by 
standard procedures. 

EXAMPLE 101 
Hybridization properties of H-T 4 AT 5 -LysNH 2 



Oligodcoxynucleo u dc 



Tm (°C.) 



5'- AAA AAA AAA A 



59.5 
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-continued 
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Oligodeoxynucleotide 


Tra (°C) 


5 -'AAA AGA AAA A 


45.0 


5 '-AAA A AG AAA A 


45.5 


5'- AAA ACA AAA A 


48.0 


5'-AAA AAC AAA A 


48.0 


5'- AAA ATA AAA A 


52.0 


5'- AAA AAT AAA A 


52.5 



EXAMPLE 102 

Stepwise Assembly of 
H-tTaeg]-[Taeg]-[Taeg]-[Taeg]-[Gaeg]-[Gaeg]-[Taeg]- 
[Gaeg]-(Taeg]-[Caeg]-LYS-NH 2 

The protected PNA was assembled onto a Boc-Lys(ClZ) 
modified MBHA resin with a substitution of 0.15 mmol/g. 
The incorporation of the monomers followed the protocol of 
example 32, except that the capping step 1 1* and the washing 
step 12 were omitted. After the incorporation and deprotec- 
tion of the first, second, and fourth G(Bzl)aeg- monomer 
there were some difficulties getting the resin to swell prop- 
erly. Three hours of shaking in neat DCM gave acceptable 
swelling. For the incorporation of residues Taeg-4, 
G(Bzl)aeg-6 t and Taeg-7 to Taeg- 10, recoupling was nec- 
essary to obtain near quantitative coupling yields, Taeg 4 {2x 
in 50% DMF/DCM), Gaeg 6 (2x in 50% DMF/DCM), Taeg7 
(2x in 50% DMF/DCM, lx in 50% NMP/DCM and Ix in 
neat DCM), Taeg 8 (lx in 50% DMF/DCM and 2x in neat 
DCM), Taeg 9 (2x in 50% DMF/DCM), Taeg 10 (2x in 50% 
DMF/DCM). All qualitative Kaiser tests were negative 
(straw-yellow color with no coloration of the beads). The 
PNA oligomer was cleaved and purified by standard proce- 
dures. 

EXAMPLE 103 

Hybridization properties of crude (approx. 50%) 
H-T 4 G 2 TGTG-LysNH 2 



10 



20 



25 



30 



35 



40 



OUgodcoxynuclcotidc 


Tm 




5'-A4C2ACAC 


38 




5'-CACAC2A4 


55 


45 



EXAMPLE 104 

Large Scale Solid-Phase Synthesis of 50 
H-[TaegJ 6 -Lys-NH 2 , H-[Taeg] ? -Lys-NH 2 , 
H-[Taeg] 8 -Lys-NH 2 , H-[Taeg] 9 -Lys-NH 2 , and 
H-[Taeg] l0 -Lys-NH 2 

(a) Stepwise Assembly of Boc-[Taeg] 10 -Lys(ClZ)-MBHA 55 
Resin and Shorter Fragments 

About 9 g of wet Boc-[Tacg] 3 -Lys(ClZ)-MBHA (sec, 
Example 36b) resin was placed in a 60 ml SPPS reaction 
vessel. Boc-[Taeg] 5 -Lys(C12)-MBHA resin was assembled 
by single coupling of both residues with 0. 1 5M of BocTaeg- 60 
OPfp in 10 ml neat CH 2 C1 2 ("Synthetic Protocol 8"). Both 
coupling reactions were allowed to proceed overnight. The 
synthesis was monitored by the ninhydrin reaction, which 
showed close to quantitative incorporation of both residues. 
After deprotection of the N-terminal Boc group, about 4.5 g 65 
of H-[Taeg] r Lys(ClZ)-MBHA was placed in a 20 ml SPPS 
reaction vessel and elongated to Boc-[raeg] 8 -Lys(ClZ)- 



MBH A by single in situ DCC coupling of all residues (close 
to quantitative, except for residue number eight) overnight 
with 0.2M of BocTaeg-OH together with 0.2M DCC in 7.5 
ml neat CH 2 C1 2 ("Synthetic Protocol 9"). Before coupling of 
Taeg residues number seven and eight, respectively, small 
portions of H-[Taegl 6 -Lys(ClZ)-MBHA and H-[Taeg] r Ly-~ 
s(OZ)-MBHA, respectively, were taken out for HF cleav- 
age. 

Taeg residue number eight was coupled twice (overnight) 
to give close to quantitative incorporation. After deprotec- 
tion of the N-terminal Boc group, a large portion of H- [Taeg] 
8 -Lys(ClZ)-MBHA was taken out for HF cleavage. Boc- 
[Taeg] 10 -Lys(ClZ)-MBHA resin was assembled by double 
in situ DCC coupling of 0.1 6M BocTaeg -OH, together with 
0.16M DCC in 2.0 ml 50% DMF/CH 2 C1 2 ("Synthetic Pro- 
tocol" 9). Before coupling of the final residue, a small 
portion of H-[Taeg] 9 -Ly s(ClZ)-MBHA was taken out for HF 
cleavage. 

(b) Cleavage, Purification, and Identification of H-[Taeg] 
6 -Lys-NH 2 

The protected Boc-[Taeg] 6 -Lys(ClZ)-MBHA resin was 
treated as described in Example 34c to yield about 14.0 mg 
of crude material upon HF cleavage of 52.4 mg dry H-Taeg] 

6 - Lys(ClZ)-MBHA resin. The crude product was not puri- 
fied (about 99% purity). 

(c) Cleavage, Purification, and Identification of H-[Taeg] 

7 - Lys-NH 2 

The protected Boc-[Taeg] r Lys(ClZ)-MBHA resin was 
treated as described in Example 34c to yield about 5.2 mg 
of crude material upon HF cleavage of 58.4 mg dry H-Taeg] 
r Lys(ClZ)-MBHA resin. 

(d) Cleavage, Purification, and Identification of H-[Taeg] 

8 - Lys-NH 2 

The protected Boc-[Taeg] 8 -Lys(ClZ)-MBHA resin was 
treated as described in Example 34c to yield about 1 14 mg 
of crude material upon HF cleavage of about 604 mg dry 
H-Taeg] 8 -Lys(ClZ)-MBHA resia 

(e) Cleavage, Purification, and Identification of H-[Taeg] 

9 - Lys-NH 2 

The protected Boc-[Taeg] 9 -Lys(ClZ)-MBHA resin was 
treated as described in Example 34c to yield about 19.3 mg 
of crude material upon HF cleavage of 81 .0 mg dry H-Taeg] 

9 - Lys(ClZ)-MBHA resin. 

(f) Cleavage, Purification, and Identification of H-[Taeg] 

10 - Lys-NH2 

The protected Boc-[Taeg]i 0 -Lys(ClZ)-MBHA resin was 
treated as described in Example 34c to yield about 141 mg 
of crude material upon HF cleavage of about 417 mg dry 
H-Tacg] 10 -Lys(ClZ)-MBHA resin. 

(g) Synthetic Protocol 8 (General Protocol) 

(1) Boc-deprotection with TFA/CH 2 C1 2 (1:1, v/v), 3x1 
min and 1x30 min; (2) washing with CH 2 C1 2 , 6x1 min; (3) 
neutralization with DIEA/CH 2 C1 2 (1:19, v/v), 3x2 min; (4) 
washing with CH 2 C1 2 , 6x1 min, and dmin for I min; (5) at 
some stages of the synthesis, 2-5 mg sample of PNA-resin 
is taken out and dried thoroughly for a ninhydrin analysis to 
determine the substitution; (6) addition of Boc- protected 
PNA monomer (Pfp ester); the coupling reaction was 
allowed to proceed for a total of X hrs shaking; (7) washing 
with DMF, 1x2 min; (8) washing with CH 2 C1 2 , 4x1 min; (9) 
neutralization with DIEA/CH 2 C1 2 (1:19, v/v), 2x2 min; (10) 
washing with CH 2 C1 2 , 6x1 min; (11) occasionally, 2-5 mg 
sample of protected PNA-resin is taken out and dried 
thoroughly for a ninhydrin analysis to determine the extent 
of coupling; (12) at some stages of the synthesis, unreacted 



5,539 : 

69 

amino groups arc blocked by acetyl ation with a mixture of 
acetic anhydride/pyridinc/CH 2 Cl 2 (1:1:2, v/v/v) for 2 h 
followed by washing with CH2C1 2 , 6x1 min, and, occasion- 
ally, ninhydrin analysis. 

5 

EXAMPLE 105 

Solid-Phase Synthesis of 
H-[Taeg]4-Caeg-[Taeg]5-Lys-NH 2 

(a) Stepwise Assembly of Boc-[Taeg]4-C[Z]aeg-[Taeg]5- 10 
Lys(ClZ)-MBHA Resin 

About 1 gofwetBoc-[Taeg]5-Lys(ClZ)-MBHA resin was 
placed in a 5 ml SPPS reaction vessel. Boc-[Taeg]4-C[Z] 
aeg-[Taeg]5-Lys(ClZ)-MBHA resin was assembled by in 
situ DCC coupling of all residues utilizing 0.1 6M of BocC 
[Z]aeg-OH together with 0.16M DCC in 2.0 ml 50% DMF/ 
CH 2 C1 2 or 0.16M BocTaeg-OH together with 0.16M DCC 
in 2.0 ml 50% DMF/CH 2 C1 2 ("Synthetic Protocol 9"). Each 
coupling reaction was allowed to proceed for a total of ^ 
20-24 hrs with shaking. The synthesis was monitored by the 
ninhydrin reaction, which showed about 98% incorporation 
of C[Z]acg and close to quantitative incorporation of all the 
Taeg residues. 

(b) Cleavage, Purification, and Identification of H-[Taeg] 25 
4-C[Z]aeg-[Taeg]5-Lys-NH 2 

The protected Boc-[Taeg]4-C[Z]acg-[Taeg]5-Lys(ClZ)- 
MBHA resin was treated as described in Example 34c to 
yield about 22.5 mg of crude material upon HF cleavage of 
1 28.2 mg dry H-[Taeg]4-C[Z]aeg-[Taeg]5-Lys(ClZ)-MBHA 30 
resin. Crude product (5.8 mg) was purified to give 3.1 mg of 
H-[Taeg]4-Caeg-[Taeg]5-Lys-NH 2 . 

(c) Synthetic Protocol 9 (General Protocol) 

(1) Boc-deprotection with TFA/CH 2 Q 2 (1:1, v/v), 3x1 
min and 1x30 min; (2 ) washing with CH 2 C1 2 , 6x1 min; (3) 35 
neutralization with DIEA/CH^ (1:19, v/v), 3x2 min; (4) 
washing with CH 2 C1 2 , 6x1 min, and dmin for 1 min; (5) at 
some stages of the synthesis, 2-5 mg sample of PNA -resin 
is taken out and dried thoroughly for a ninhydrin analysis to 
determine the substitution; (6) addition of Boc-protected 40 
PNA monomer (free acid) in X ml DMF followed by 
addition of DCC in X ml CH 2 C1 2 ; the coupling reaction was 
aJ lowed to proceed for a total of Y hrs shaking; (7) washing 
with DMF, 1x2 min; (8 ) washing with CH 2 C1 2 , 4x1 min; (9) 
neutralization with DIEA/CHjClj (1:19, v/v), 2x2 min; (1 0) 43 
washing with CH 2 C1 2 , 6x1 min; (11) occasionally, 2-5 mg 
sample of protected PNA-resin is taken out and dried 
thoroughly for a ninhydrin analysis to determine the extent 
of coupling; (12) at some stages of the synthesis, unreacted 
amino groups are blocked by acetylation with a mixture of 50 
acetic anhydride/pyridine/CHjC^ (1:1:2, v/v/v) for 2 h 
followed by washing with CH a Cl 2 , 6x1 min, and, occasion- 
ally, ninhydrin analysis. 

EXAMPLE 106 55 

Solid-Phase Synthesis of 
H-[Taegl4-(NBaeg)-[Taeg]5-Lys-NH 2 . 
(NB=COCH3) 

60 

(a) Stepwise Assembly of Boc-[Taeg]4-(NBaeg)-[Taeg]5- 
Lys(ClZ)-MBHA Resin 

About 1 gofwetBoc-[Taeg]5-Lys(ClZ)-MBHA resin was 
placed in a 5 ml SPPS reaction vessel. Boc-fTaeg]4- 
(NBaeg)-[Taeg]5-Lys(ClZ)-MBHA resin was assembled by 65 
in situ DCC coupling utilizing 0.1 6M of Boc(NBaeg)-OH 
together with 0.16M DCC in 2.0 ml neat CH 2 Q 2 or 0.16M 
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BocTaeg-OH together with 0.1 6M DCC in 2.0 ml 50% 
DMF/CH 2 C1 2 ("Synthetic Protocol 9"). Each coupling reac- 
tion was allowed to proceed for a total of 20-24 hrs with 
shaking. The NBaeg residue was coupled three times and the 
Taeg residues were all coupled once. The synthesis was 
monitored by the ninhydrin reaction which showed >99% 
total incorporation of NBaeg (about 88% after the first 
coupling and about 93% after the second coupling) and close 
to quantitative incorporation of all the Taeg residues. 

(b) Cleavage, Purification, and Identification of H-[Taeg] 
4-(NBacg)-[Tacg]5-Lys-NH 2 

The protected Boc-[Taeg]4-(NBaeg)-[Taeg]5-Lys(ClZ)- 
MBHA resin was treated as described in Example 34c to 
yield about 33.6 mg of crude material upon HF cleavage of 
108.9 mg dry H-[Taeg]4-(NBaeg)-[Taeg]5-Lys(ClZ)- 
MBHA resin. Crude product (20.6 mg) was purified to give 
4.6 mg of H-[Taeg]4-(NBaeg)-(Taeg]5-Lys-NH 2 . For 
(M+H)+, the calculated m/z value was 2683.12 and the 
measured m/z value was 2683.09. 

EXAMPLE 107 

Solid-Phase Synthesis of 
H-[Taeg]4-aeg-[Taeg]5-Lys-NH2 

(a) Stepwise Assembly of Boc-[Taeg]4-aeg-[Taeg]5-Ly- 
s(C!Z)-MBHA Resin 

About 1 g of wet Boc-[Taeg]5-Lys(ClZ)-MBHA resin was 
placed in a 5 ml SPPS reaction vessel. Boc-[Taeg]4-aeg- 
[Taeg}5-Lys(ClZ)-MBHA resin was assembled by in situ 
DCC single coupling of all residues utilizing: (1) 0.1 6M of 
Bocaeg-OH together with 0.1 6M DCC in 2.0 ml 50% 
DMF/CH 2 C1 2 or (2) 0.16M BocTaeg-OH together with (2) 
0.16M DCC in 2.0 ml 50% DMF/CH 2 C1 2 ("Synthetic Pro- 
tocol 9"). Each coupling reaction was allowed to proceed for 
a total of 20-24 hrs with shaking. The synthesis was 
monitored by the ninhydrin reaction, which showed close to 
quantitative incorporation of all the residues. 

(b) Cleavage, Purification, and Identification of H-[Taeg] 
4-aeg-[Taeg]5-Lys-NH 2 

The protected Boc-[Taeg]4-aeg-[Taeg]5-Lys(ClZ)- 
MBHA resin was treated as described in Example 34c to 
yield about 22.2 mg of crude material upon HF cleavage of 
126.0 mg dry H-[Taegl4-aeg-[Taeg]5-Lys(ClZ)-MBHA 
resin. Crude product (22.2 mg) was purified to give 7.6 mg 
of H-[Taeg]4-aeg-[Taeg]5-Lys-NH 2 . For (M+H)+, the cal- 
culated m/z value was 2641.11 and the measured m/z value 
was 2641.16. 

EXAMPLE 108 

Solid-Phase Synthesis of 
H-[Taeg]4-GIy-fTaegl5-Lys-NH 2 

(a) Stepwise Assembly of Boc-[Taeg]4-GIy-[Taeg]5-Ly- 
s(ClZ)-MBHA Resin 

About 1 g of wet Boc-[Taeg]5-Lys(ClZ>MBHA resin was 
placed in a 5 ml SPPS reaction vessel. Boc-[Taeg]4-Gly- 
[Taeg]5-Lys(ClZ)-MBHA resin was assembled by in situ 
DCC single coupling of all residues utilizing: (1) 0.1 6M of 
BocGly-OH together with 0.1 6M DCC in 2.0 ml 50% 
DMF/CH 2 C1 2 or (2) 0.16M BocTaeg-OH together with 
0.1 6M DCC in 2.0 ml 50% DMF/CH^ ("Synthetic Pro- 
tocol 9"). Each coupling reaction was allowed to proceed for 
a total of 20-24 hrs with shaking. The synthesis was 
monitored by the ninhydrin reaction, which showed close to 
quantitative incorporation of all the residues. 
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(b) Cleavage, Purification, and Identification of H-[Taeg] 
4-Giy-[Taeg]5-Lys-NH 3 

The protected Boc-[Taeg]4-Gly-[Taeg]5-Lys(ClZ)- 
MBHA resin was treated as described in Example 35c to 
yield about 45.0 mg of crude material upon HF cleavage of 5 
124.1 mg dry H-[Taeg]4-Gly-[Taeg]5-Lys(ClZ)-MBHA 
resin. Crude product (40.4 mg) was purified to give 8.2 mg 
of H-[Taeg]4-G]y-[Taeg]5-Lys-NH 2 . 

EXAMPLE 109 10 

Solid-Phase Synthesis of 
H-[Taeg]4-Gly2-[Taeg]5-Lys-NH 2 

(a) Stepwise Assembly of Boc-[Taeg]4-Gly2-[Taeg]5- 15 
Lys(ClZ)-MBHA Resin 

About 1 gofwetBoc-[Taeg]5-Lys(ClZ)-MBHAresinwas 
placed in a 5 ml SPPS reaction vessel. Boc-[Taeg]4-[C[Z] 
aeg]2-Taeg-C[Z]aeg-Taeg-C[Z]aeg-Lys(ClZ)-MBHA-resin 
was assembled by in situ DCC single coupling of all residues 20 
utilizing: (1) 0.16M of BocGly-OH together with 0.16M 
DCC in 2.0 ml 50% DMF/CH 2 C1 2 or (2) 0.1 6M BocTaeg- 
OH together with 0.16M DCC in 2.0 ml 50% DMF/CH 2 C1 2 
("Synthetic Protocol 9"). Each coupling reaction was 
allowed to proceed for a total of 20-24 hrs with shaking. The # 
synthesis was monitored by the ninhydrin reaction, which 
snowed close to quantitative incorporation of all the resi- 
dues. 

(b) Cleavage, Purification, and Identification of H-[Tfceg] 
4-Gly2-[Taeg]5-Lys-NH 2 30 

The protected Boc-[Taeg]4-Gly2-rTaeg]5-Lys(ClZ)- 
MBHA resin was treated as described in Example 34c to 
yield about 32.6 mg of crude material upon HF cleavage of 
156.6 mg dry H-[Taeg]4-Gly2-[Taeg]5-Lys(ClZ)-MBHA 35 
resin. Crude product (30 mg) was purified to give 7.8 mg of 
H-[Taeg34-Gly2-[[Taeg]5-Lys-NH 2 . For(M+H)+, the calcu- 
lated m/z value was 2655.09 and the measured m/z value 
was 2655.37. 

40 

EXAMPLE 110 

Solid-Phase Synthesis of 
H-[Taeg]4-[Caeg]2-Taeg-Caeg-Taeg-Caeg-Lys -NH 2 

(a) Stepwise Assembly of Boc-[Taeg]4-[C [Z]aeg]2-Taeg- 45 
C[Z]aeg-Taeg-C [Z]aeg-Lys(ClZ)-MBHA Resin 

About 1.5 g of wet Boc-Lys(C3Z)-MBHA (0.28 mmol 
Lys/g) resin was placed in a 5 ml SPPS reaction vessel. 
Boc-[Taeg]4-[C[Z]aeg]2-Taeg-C[Z]aeg.Taeg-C[Z]aeg-Ly- ^ 
s(C!Z)-MBHA resin was assembled by in situ DCC single 
coupling of all residues utilizing: (1) 0.16Mof BocC[Z]-OH 
together with 0.16M DCC in 2.0 ml 50% DMF/CH 2 C1 2 or 
(2) 0. 1 6M BocTaeg-OH together with 0. 1 6M DCC in 2.0 ml 
50% DMF/CH 2 C1 2 ("Synthetic Protocol 9"). Each coupling 55 
reaction was allowed to proceed for a total of 20-24 hrs with 
shaking. The synthesis was monitored by the ninhydrin 
reaction, which showed close to quantitative incorporation 
of all the residues. 

(b) Cleavage, Purification, and Identification of H-[Taeg) go 
4 -[Caeg] 2 -1aeg-Caeg-1^eg-Caeg-Lys-NH 2 

The protected Boc-[Taeg]4-[C[Z]aeg]2-Taeg-C [Zjaeg- 
Taeg-C[Z]aeg-Lys(ClZ)-MBHA resin was treated as 
described in Example 34c to yield about 52.1 mg of crude 
material upon HF cleavage of 216.7 mg dry H-[Taegl4-[C 65 
[Z]aeg]2-Taeg-C[Z]aeg-Taeg-C [Z]aeg-Lys(ClZ)-MBHA 
resin. Crude product (30.6 mg) was purified to give 6.2 mg 
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of H-[Taeg]4-[Caeg]2-Taeg-Caeg-Taeg-Caeg-Lys-NH 2 . For 
(M+H)+ the calculated m/z value was 2747.15 and the 
measured m/z value was 2746.78. 

EXAMPLE 111 

Solid-Phase Synthesis of 
H-Caeg-Taeg-Caeg-Taeg- [Caeg]3- 
Taeg-Caeg-Taeg-Lys-NH 2 

(a) Stepwise Assembly of Boc-C[Z]aeg-Taeg-C [Z]aeg- 
Taeg-[C[Z]aeg]3-Taeg-C [Z]aeg-Taeg-Lys(ClZ)-MBHA 
Resin 

About 1.5 g of wet Boc-Lys(ClZ)-MBHA (0.28 mmol 
Lys/g) resin was placed in a 5 ml SPPS reaction vessel. 
Boc-C[Z]aeg-Taeg-C[Z]aeg-Taeg-[C[Z]aeg]3-Taeg-C[Z] 
aeg-Taeg-Lys(ClZ)-MBHA resin was assembled by in situ 
DCC single coupling of all residues utilizing: (1) 0.1 6M of 
BocC[Z]-OH together with 0.1 6M DCC in 2.0 ml 50% 
DMF/CH 2 C1 2 or (2) 0.1 6M BocTaeg-OH together with 
0.1 6M DCC in 2.0 ml 50% DMF/CH 2 C1 2 ("Synthetic Pro- 
tocol 9"). Each coupling reaction was allowed to proceed for 
a total of 20-24 hrs with shaking. The synthesis was 
monitored by the ninhydrin reaction, which showed close to 
quantitative incorporation of all the residues. 

(b) Cleavage, Purification, and Identification of H-Caeg- 
Taeg-Caeg-Taeg-[CaegJ3-Taeg-Caeg-Taeg-Lys-NH 2 

The protected Boc-C[Z]aeg-Taeg-C[Z]aeg-Taeg-[C[Z] 
aeg]3-Taeg-C[Z]aeg-TaegLys(aZ)-MBHA resin was 
treated as described in Example 34c to yield about 56.1 mg 
of crude material upon HF cleavage of 255.0 mg dry 
H-C[Z]aeg-Taeg-C[Z]aeg-Taeg-[C[Z]aeg]3-Taeg-C[Z]aeg 
— TaegLys(ClZ)-MBHA resin. Crude product (85.8 mg) 
was purified to give 46.2 mg of H-Caeg-Taeg-Caeg-Taeg- 
[Caeg]3-Taeg-Caeg-Taeg-LysNH 2 . For (M+H)+ the calcu- 
lated m/z value was 2717.15 and the measured m/z value 
was 2716.93. 

EXAMPLE 112 

Solid-Phase Synthesis of 
H-[Taeg]2-[Caeg]3-[Taeg]2.[Caeg]2-Lys-NH 2 , 
H-Caeg-[Taeg]2-[Caeg]3-[Taeg]2-[Caeg]2-Lys-NH 2 , 
and 

H-1Vr-[Taeg]2-[Caeg]3-[Taeg]2-[Caeg]2-Lys-NH 2 

(a) Stepwise Assembly of Boc-[Taeg]2-[C(Z)aeg]3- 
[Taeg]2-[C(Z)aeg]2-Lys(aZ)-MBHA Resin, Boc-Caeg- 
[Taeg]2-[C(Z)aeg]3-[Taeg]2-[C(Z)aeg]2-Lys(aZ)-MB- 
HAResin, and Boc-Tyr(BrZ)-[Taeg]2-[C(Z)aeg]3-[Taeg]2- 
[C(Z)aeg]2-Lys(ClZ)-MBHA Resin 

About 3 g of wet Boc-Lys(ClZ)-MBHA (0.28 mmol 
Lys/g) resin was placed in a 20 ml SPPS reaction vessel. 
Boc-[Taeg]2-[C(Z)aeg]3-iTaeg]2-[C(Z)aeg]2-Lys(ClZ)- 
MBHA resin was assembled by in situ DCC single coupling 
of all residues utilizing: (1) 0. 16M of BocC[Z]-OH together 
with 0. 16M DCC in 3.0 ml 50% DMF/CH 2 C1 2 or (2) 0. 1 6M 
BocTaeg-OH together with 0.1 6M DCC in 3.0 ml 50% 
DMF/CH 2 C1 2 ("Synthetic Protocol 9"). Each coupling reac- 
tion was allowed to proceed for a total of 20-24 hrs with 
shaking. The synthesis was monitored by the ninhydrin 
reaction, which showed close to quantitative incorporation 
of all the residues. After deprotection of the N-terminal Boc 
group, half of the PNA-resin was coupled quantitatively 
onto TVr(BrZ)-OH and a small portion was coupled quan- 
titatively onto one more Caeg residue. Both couplings 
employed the above-mentioned synthetic protocol. 
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(b) Cleavage, Purification, and Identification of H-[Taeg] 

2- [Caeg]3-[Taeg]2-[Caeg]2-Lys-NH2 

The protected Boc-[Taeg]2-[C(Z)aeg]3-[Taeg]2- 
[C(Z)aeg]2-Lys(ClZ)-MBHA resin was treated as described 
in Example 34c to yield about 50.9 mg of crude material 5 
upon I1F cleavage of 182.5 mg dry H-[Taeg]2-[C(Z)aeg]3- 
[Taeg]2-[C(Z)aeg]2-Lys(ClZ)-MBHA resin. Crude product 
(50.9) mg was purified to give 13.7 mg of H-(Taeg]2-[Caeg] 

3- [Taeg]2-[Caeg]2-LysNH 2 . For (M+H)+ the calculated m/z 
value was 2466.04; the m/z value was not measured. 10 

(c) Cleavage, Purification, and Identification of H-iyr- 
[Taeg]2-[Caeg]3-[Taeg]2-[Caeg]2-Lys-NH 2 

The protected Boc-Tyr(BrZHTaeg]2-[C(Z)aeg]3-[1^eg] 
2-[C(Z)aeg]2-Lys(ClZ)-MBHA resin was treated as 
described in Example 34c to yield about 60.8 mg of crude 
material upon HF cleavage of 1 88.8 mg dry H-iy(BrZ)- 
[Taeg]2-[C(Z)aeg]3-[Taeg]2-[C(Z)aeg]2-Lys(ClZ)-MBHA 
resin. Crude product (60.8 Mg) was purified to give 20.7 mg 
of H-Tyr-[Taeg]2-[Caeg]3-[Taeg]2-[Caeg]2-LysNH 2 . For 20 
(M+H)+ the calculated m/z value was 2629.11 and the 
measured m/z value was 2629.11. 

(d) Cleavage, Purification, and Identification of H-Caeg- 
[Taeg]2-[Caeg]3-[Taeg]2-[Caeg]2-Lys-NH I 

The protected Boc-C(Z)aeg-[Taeg]2-[C(Z)aeg]3-[Taeg]2- 25 
[C(Z)aeg]2-Lys(ClZ)-MBHA resin was treated as described 
in Example 34c to yield about 11.7 mg of crude material 
upon HF cleavage of 42.0 mg dry H-C(Z)aeg-[Taeg]2- 
[C(Z)aeg]3-tTaeg]2-[C(Z)aeg]2-Lys(ClZ)-MBHA resin. 
Crude product (11.6 Mg) was purified to give 3.1 mg of 30 
H-Caeg-[TaegJ2-[Caeg]3-[Taeg]2-[Caeg]2-LysNH 2 . For 
(M+H)+ the calculated m/z value was 2717.15; the m/z 
value was not measured. 
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EXAMPLE 113 



Solid-Phase Synthesis of 
H-[Caeg]2-[Taeg]2-[Caeg]3- [Taeg]2-Lys-NH 2 , 40 
H-Taeg-[Caeg]2-[Taeg]2-[Caeg]3-[Taeg]2Lys-NH 2 , 
and 

H-TVr-[Caeg]2-[Taeg]2-[Caegl3-[Taeg]2-Lys-NH 2 

(a) Stepwise Assembly of Boc-[C(Z)aeg]2-[Taeg]2- 
[C(Z)aeg]3-[Taeg]2-Lys(ClZ)-MBHA Resin, Boc-Taeg- 
[C(Z)aeg]2-[1^eg]2-tC(Z)aeg]3-[Taeg]2-Lys(aZ)-MBHA 
Resin, and Boc-Tyr(BrZ)-tC(Z)aeg]2-[Taeg]2-[C(Z)aeg]3- 
[Taeg]2-Lys(ClZ)-MBHA Resin 

About 3 g of wet Boc-Lys(ClZ)-MBHA (0.28 mmol 50 
Lys/g) resin was placed in a 20 ml SPPS reaction vessel. 
Boc-[Taeg]2-[C(Z)aeg]3-[Taeg]2-[C(Z)aeg]2-Lys(aZ)- 
MBHA resin was assembled by in situ DCC single coupling 
of all residues utilizing: (1) 0.1 6M of BocC[Z]-OH together 
with 0.1 6M DCC in 3.0 ml 50% DMF/O^CL, or (2) 0.1 6M 55 
BocTaeg-OH together with 0.1 6M DCC in 3.0 ml 50% 
DMF/CH 2 C1 2 ("Synthetic Protocol 9"). Each coupling reac- 
tion was allowed to proceed for a total of 20-24 hrs with 
shaking. The synthesis was monitored by the ninhydrin 
reaction, which showed close to quantitative incorporation 60 
of allthe residues. After deprotection of the N-terminal Boc 
group, half of the PNA-resin was coupled quantitatively 
onto Tyr(BrZ)-OH and a small portion was coupled quan- 
titatively onto one more Taeg residue. Both couplings 
employed the above-mentioned synthetic protocol. 65 

(b) Cleavage, Purification, and Identification of 
H-[C(Z)aeg]2-[Taegl2-[C(Z)aeg]3-[Taeg]2-Lys-NH 2 



The protected Boc-[C(Z)aeg]2-[Taeg]2-[C(Z)aeg]3- 
[Taeg]2-Lys(ClZ)-MBHA resin was treated as described in 
Example 34c to yield about 57.6 mg of crude material upon 
HF cleavage of 172.7 mg dry H-[C(Z)aeg]2-[Taeg]2- 
[C(Z)aeg]3-[Taeg]2-Lys(ClZ)-MBHA resin. Crude product 
(57.6 mg) was purified to give 26.3 mg of H-[Caeg]2-[Taeg] 
2-[Caeg]3-[Taeg]2-Lys-NH 2 . For (M+H)+ the calculated 
m/z value was 2466.04; the m/z value was not measured. 

(c) Cleavage, Purification, and Identification of H-iy- 
[C(Z)aeg]2-[Tkeg]2-[C(Z)aeg]3-[Taeg]2-Lys-NH 2 

The protected Boc-Tyr(BrZ)-[C(Z)aeg]2-[Taeg]2- 
[C(Z)aeg]3-[Taeg]2-Lys(ClZ)-MBHA resin was treated as 
described in Example 34c to yield about 57.6 mg of crude 
material upon HF cleavage of 172.7 mg dry H-1Vr(BrZ)- 
[C(Z)aeg]2-[Taeg]2-[C(Z)aeg]3-[Taeg]2-Lys(aZ)-MBHA 
resin. Crude product (47.1 mg) was purified to give 13.4 mg 
of H-Tyr-tCaeg]2-[Taeg]2-[Caeg]3-[Taeg]2-Lys-NH 2 . For 
(M+H)+ the calculated m/z value was 2629.11 and the 
measured m/z value was 2629. 11. 

(d) Cleavage, Purification, and Identification of H-Taeg- 
[C(Z)aeg]2-[Taeg]2-[C(Z)aeg]3-[Taeg]2-Lys-NH 2 

The protected Boc-Taeg-[C(Z)aeg]2-|>eg]2-[C(Z)aeg]3- 
[Taeg]2-Lys(ClZ)-MBHA resin was treated as described in 
Example 34c to yield about 53.4 mg of crude material upon 
HF cleavage of 42.4 mg dry H-Taeg-[C(Z)aeg]2 -[Taeg]2- 
[C(Z)aeg]3-[Taeg]2-Lys(ClZ)-MBHA resin. Crude product 
(11.9 mg) was purified to give 4.3 mg of H-Taeg-[Caeg]2- 
[Taeg]2-[CaegJ3-[Taeg]2-Lys-NH 2 . For (M+H)+ the calcu- 
lated m/z value was 2732.15; the m/z value was not mea- 
sured. 

(c) Synthetic Protocol 10 (General Protocol) 
Same protocol as "Synthetic Protocol 9", except that DCC 
has been replaced with DIC. 

EXAMPLE 114 

Synthesis of the Backbone Moiety for Scale up by 
Reductive Animation 

(a) Preparation of (bocamino) acetaldehyde 
3-Arnino-l,2-propanediol(80.0 g; 0.88 mol) was dis- 
solved in water (1500 ml) and the solution was cooled to 4° 
C, whereafter Boc anhydride (230 g; 1.05 mol) was added 
at once. The solution was gently heated to room temperature 
with a water bath. The pH was kept at 1 0.5 by the dropwise 
addition of sodium hydroxide. Over the course of the 
reaction a total of 70.2 g NaOH, dissolved in 480 ml water, 
was added. After stirring overnight, ethyl acetate (1000 ml) 
was added and the mixture was cooled to 0° C. and the pH 
was adjusted to 2.5 by the addition of 4M hydrochloric acid. 
The ethyl acetate layer was removed and the acidic aqueous 
solution was extracted with more ethyl acetate (8x500 ml). 
The combined ethyl acetate solution was reduced to a 
volume of 1500 ml using a rotary evaporator. The resulting 
solution was washed with half saturated potassium hydrogen 
sulphate (1500 ml) and then with saturated sodium chloride. 
It then was dried over magnesium sulphate and evaporated 
to dryness, in vacuo. Yield. 145.3 g (86%) 

3-Bocamino-l,2-propanediol (144.7 g; 0.757 mol) was 
suspended in water (750 ml) and potassium periodate (1 91 .5 
g; 0.833 mol) was added. The mixture was stirred under 
nitrogen for 2.5 h and the precipitated potassium ioaate was 
removed by filtration and washed once with water (100 ml). 
The aqueous phase was extracted with chloroform (6x400 
ml). The chloroform extracts were dried and evaporated to 
dryness, in vacuoo Yield 102 g (93%) of an oil. The 
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(bocamino)acetaldehyde was purified by kugelrohr distilla- 
tion at 84° C. and 0.3 mmHg in two portions. The yield 79 
g (77%) of a colorless oil. 

(b) Preparation of (N'-bocarainoethyl)glycine methyl 
ester 5 

Palladium on carbon (10%; 2.00 g) was added to a 
solution of (bocamino) acetaldehyde (10.0 g; 68.9 mmol) in 
methanol (150 ml) at 0° C. Sodium acetate (11.3 g; 138 
mmol) in methanol (150 mi), and glycine methyl ester 
hydrochloride (8.65 g; 68.9 mmol) in methanol (75 ml) then 
were added. The mixture was hydrogenated at atmospheric 
pressure for 2.5 h. then filtered through celite and evaporated 
to dryness, in vacuo. The material was redissolved in water 
(150 ml) and the pH was adjusted to 8.0 with 0.5N NaOH. 
The aqueous solution was extracted with methylene chloride 
(5x150 ml). The combined extracts were dried over sodium 
sulphate and evaporated to dryness, in vacuo. This resulted 
in 14.1 g (88%) of (N'-bocarninoethyl)glycine methyl ester. 
The crude material was purified by kugelrohr destination at 
120° C. and 0.5 mmHg to give 11.3 g (70%) of a colorless 20 
oil. The product had a purity that was higher than the 
material produced in example 26 according to tic- analysis 
(10% methanol in methylene chloride). 

Alternatively, sodium cyanoborohydride can be used as 2$ 
reducing agent instead of hydrogen (with Pd(Q as catalyst), 
although the yield (42%) was lower. 

(c) Preparation of (N'-bocaminoethyl)glycine ethyl ester 
The title compound was prepared by the above procedure 

with glycine ethyl ester hydrochloride substituted for gly- 30 
cine methyl ester hydrochloride. Also, the solvent used was 
ethanol. The yield was 78%. 



EXAMPLE 115 
Solid-Phase Synthesis of H-Tyr-tTaegJjo-Lys-NH, 
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(a) Stepwise Assembly of Boc-TVr(BrZ)-[Taeg] l0 -Ly- 
S(C1Z)-MBHA Resin 

About 0.2 g of wet Boc-[Taeg] 10 -Lys(ClZ)-MBHA resin 40 
was placed in a 5 ml SPPS reaction vessel. Boc-Tyr(BrZ)- 
[Taeg] 10 -Lys(ClZ)-MBHA resin was assembled by standard 
in situ DCC coupling utilizing 0.32M of BocCTyr(BrZ)-OH 
together with 0.32M DCC in 3.0 ml neat CH 2 C1 2 overnight. 
The ninhydrin reaction showed about 97% incorporation of 45 
BocTyr(BrZ). 

(b) Cleavage, Purification, and Identification of H-Tyv- 
[Taegl l0 -Lys-NH 2 

The protected BooTyr(BrZ)-n^eg] 10 -Lys(ClZ)-MBHA 
resin was treated as described in Example 34c to yield about 50 
5.5 mg of crude material upon HF cleavage of 20.7 mg dry 
H-Tyr(BrZ)-[Taeg] l0 -Lys(QZ)-MBHA resin. The crude 
product was purified to give 2.5 mg of H-Tyr-[laeg] l0 -Lys- 
NH 2 . 

55 

EXAMPLE 116 

Solid-Phase Synthesis of Dansyl-UaegWLys-NHi 

(a) Stepwise Assembly of Dansyl- [Taeg] l0 -Lys(ClZ)- ^ 
MB HA Resin 

About 0.3 g of wet Boc-[Taeg] lo -Lys(ClZ)-MBHA resin 
was placed in a 5 ml SPPS reaction vessel. Dansyl-[Taeg] 
10 -Lys(ClZ)-MBHA resin was assembled by coupling of 
0.5M dansyl-Cl in 2.0 ml neat pyridine overnight. The 65 
ninhydrin reaction showed about 95% incorporation of 
dansyl. 



(b) Cleavage, Purification, and Identification of Dansyl - 
[Taegl l0 -Lys-NH 2 

The protected dansyl-P^eg] 10 -Lys(ClZ)-MBHA resin 
was treated as described in Example 34c to yield about 12 
mg of crude material upon HF cleavage of 71.3 mg dry 
dansyl-[Taeg]i 0 -Lys(ClZ)-MBHA resin. The crude product 
was purified to give 5.4 mg of dansyl -[Taeg] 10 -Lys-NH 2 . 

EXAMPLE 117 



Solid-Phase Synthesis of 
Gly-Gly-His-[Taegl 10 -Lys-NH 2 

(a) Stepwise Assembly of Boc-Gly-Gly-His(Tos)-[Taeg] 
l0 -Lys(ClZ)-MBHA Resin 

About 0.05 g of Boc-[Taeg3 l0 -Lys(ClZ)-MBHA resin was 
placed in a 5 ml SPPS reaction vessel. Boc-Gly-Gly-His- 
(Tos)-[Taeg]j 0 -Lys(aZ)-MBHA resin was assembled by 
standard double in situ DCC coupling of Boc- protected 
amino acid (0.1M) in 2.5 ml 25% DMF/CH 2 C1 2 , except for 
the first coupling of BocHis (Tos), which was done by using 
a preformed symmetrical anhydride (0.1M) in 25% DMF/ 
CH 2 C1 2 . All couplings were performed overnight and nin- 
hydrin reactions were not carried out 

(b) Cleavage, Purification, and Identification of Gly-Gly- 
His-[Taeg] 10 -Lys-NH 2 

The protected Boc-Gly-Gly-His(Tos)-(Tfceg] 10 -Lys(ClZ)- 
MBHA resin was treated as described in Example 34c to 
yield about 10.3 mg of crude material (about 40% purity) 
upon HF cleavage of 34.5 mg dry Boc-Gly-Gly-His (Tos)- 
[Taeg] I0 -Lys(ClZ)-MBHA resin. A small portion of the 
crude product (taken out before lyophilization) was purified 
to give 0.1 mg of GIy-Gly-His-[Taeg] 10 -Lys-NH 2 . 

EXAMPLE 118 

Solid-Phase Synthesis of H-[Taeg] 5 -[Caeg] 2 -NH 2 

(a) Stepwise Assembly of Boc-[Taegl 5 -[C(Z)aeg] 2 - 
MBHA Resin 

About 0.2 g of MBHA resin was placed in a 3 ml SPPS 
reaction vessel and neutralized. The loading was determined 
to be about 0.64 mraol/g. BocC(Z)aeg-OPfp was coupled 
onto the resin using a concentration of 0.13M in 2.5 ml 25% 
phenotf/CHjCl^ Hie ninhydrin analysis showed a coupling 
yield of about 40%. The remaining free amino groups were 
acetylated as usual. Boc-[Taeg]s-[C(Z)aeg] 2 -MBHA resin 
was assembled by single in situ DCC coupling of the next 
residue utilizing 0.11M of BocC(Z)aeg-OH together with 
0.1 1M DCC in 15 ml 50% DMF/CH^ and by coupling 
with 0. 1 3M BocT^g-OPfp in neat CH 2 C1 2 for the remaining 
residues ("Synthetic Protocol 8"). Each coupling reaction 
was allowed to proceed with shaking overnight. The syn- 
thesis was monitored by the ninhydrin reaction, which 
showed close to quantitative incorporation of all the resi- 
dues. 

(b) Cleavage, Purification, and Identification of H-[Taeg} 
s-ECaegfe-NH, 

The protected Boc-[Taegl 5 -[C(Z)aeg] 2 -MBHA resin was 
treated as described in Example 34c to yield about 21 .7 mg 
of crude material (>80% purity) upon HF cleavage of 94.8 
mg dry H-[raeg] 5 -[C(Z)aeg] 2 -MBHA resin. Crude product 
(7.4 mg) was purified to give 2.0 mg of H-[Taeg] 5 -[CaegJ 
2 -NH 2 (>99% purity). 
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EXAMPLE 119 

Solid-Phase Synthesis of 
H-[Taeg] 3 -Cacg-[Taeg] 4 -NH 2 

(a) Stepwise Assembly of Boc-[raeg] 3 -C(Z)aeg-[Taeg] 4 - 5 
MB HA Resin 

About 0.2 g of the above-mentioned MB HA resin was 
placed in a 5 ml SPPS reaction vessel and neutralized. 
Boc-[Taeg] 3 -C(Z)aeg-[Taeg] 4 -MBHA resin was assembled 
by single in situ DCC coupling of the C(Z)aeg residue 
utilizing 0.1 3M of BocC[Z]aeg-OH together with 0.1 3M 
DCC in 2.5 ml 50% DMF/CH 2 G 2 and by coupling the Taeg 
residues with 0.1 3M BocTaeg-OPfp in 2.5 ml neat CH 2 Cl 2 . 
Each coupling reaction was allowed to proceed with shaking 15 
overnight. The synthesis was monitored by the ninhydrin 
reaction, which showed close to quantitative incorporation 
of all the residues. 

(b) Cleavage, Purification, and Identification of H-[Taeg] 
3 -Caeg-|Taeg] 4 -NH 2 20 

The protected Boc-praeg] 3 -C(Z)aeg-[Taeg] 4 -MB HA resin 
was treated as described in Example 34c to yield about 44,4 
mg of crude material upon HF cleavage of about 123 mg dry 
H-[Taeg] 3 -C(Z)aeg-[Taeg] 4 -MBHA resin. Crude product 
(11.0 mg) was purified to give 3,6 mg of H-(Taeg] 3 -Caeg- 25 
[Taeg] 4 -NH 2 . 
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EXAMPLE 120 

Solid-Phase Synthesis of 
H-Taeg-Caeg-[Taeg] 8 -LysNH 2 
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(a) Stepwise Assembly of Boc-Taeg-C(Z)aeg-[Taeg] 8 - 
Lys(ClZ)-MBHA Resin 

About 0.3 g of wet Boc-[Taeg] 8 -Lys(ClZ)-MBHA resin 35 
was placed in a 3 ml SPPS reaction vessel. Boc-Taeg- 
C(Z)aeg-[TaegJ 8 -Lys(ClZ)-MBHA resin was assembled by 
single in situ DCC coupling overnight of the C(Z)aeg 
residue ("Synthetic Protocol" 9) utilizing 0.2M of BocC[Z] 
aeg-OH together with 0.2M DCC in 2.5 ml 50% DMF/ 40 
C^C^ (incorporation was about 80% as judged by ninhy- 
drin analysis; remaining free amino groups were acetylated) 
and by overnight coupling the Taeg residue with 0.1 5M 
BocTaeg-OPfp in 2.5 ml neat CH 2 C1 2 (nearly quantita- 
tively). 45 

(b) Cleavage, Purification, and Identification of H-Taeg- 
Caeg-[Taeg] 8 -LysNH 2 

The protected Boc-Taeg-C(Z)aeg-[Taeg] 8 -Lys(ClZ)- 
MBHA resin was treated as described in Example 34c to 
yield about 22.3 mg of crude material upon HF cleavage of 50 
about 76.5 mg dry H-Taeg-C(Z)aeg-[Taegl 8 -Lys(CIZ)- 
MBHA resin. Crude product (6.7 mg) was purified to give 
2.6 mg of H-Taeg-Caeg-[Taeg] 8 -LysNH2. For (M+Hf the 
calculated m/z value was 2792.15 and the measured m/z 
value was 2792.21. 55 

EXAMPLE 121 



Solid-Phase Synthesis of H-Caeg-[Tkeg] 3 -Lys-NH 2 
and H-[Taeg] 2 -Caeg-[Taeg] 3 -Lys-NH 2 



60 



(a) Stepwise Assembly of Boc-[Taeg] 2 -C(Z)aeg-[Taeg] 5 - 
Lys(ClZ)-MBHA Resin 

About 0.5 g of wet Boc-[Taeg] 5 -Lys(ClZ)-MBHA resin 
was placed in a 5 ml SPPS reaction vessel. Boc-[Taeg] 2 - 65 
C(Z)aeg-fIaeg] 3 -Lys(ClZ)-MBHA resin was assembled by 
single in situ DCC coupling of all residues utilizing: (1) 



0.1 2M of BocC[Z]aeg-OH together with 0. 12M DCC in 3.0 
ml 50% DMF/CH 2 C1 2 or (2) 0.1 2M BocTaeg-OH together 
with 0.1 2M DCC in 3.0 ml 50% DMF/CH 2 C1 2 ("Synthetic 
Protocol 9"). Each coupling reaction was allowed to proceed 
overnight with shaking. The synthesis was monitored by the 
ninhydrin reaction, which showed close to quantitative 
incorporation of all the residues. During the synthesis, a 
small portion of H-C(Z)aeg-[Taeg] r Lys(ClZ)-MBHA resin 
was taken out for HF cleavage. 

(b) Cleavage, Purificarion, and Identification of H-Caeg- 
[Taeg] s -Lys-NH 2 

The protected Boc-C[Z]aeg-[Taeg] 5 -Lys(ClZ)-MBHA 
resin was treated as described in Example 34c to yield about 
3.0 mg of crude material upon HF cleavage of 37.5 mg dry 
H-C[Z]aeg-[Taeg] 5 -Lys(ClZ)-MBHA resin. About 0.7 mg of 
the crude product was purified to give about 0.5 mg of 
H-Caeg-[Taeg]5-Lys-NH 2 . 

(c) Cleavage, Purification, and Idendfi cation of H-[Taeg] 
3 -Caeg-[Taeg] 5 -Lys-NH 2 

The protected Boc-[Taeg] 2 -C[Z]aeg-[Taeg] s -Lys(ClZ)- 
MBHA resin was treated as described in Example 34c to 
yield about 37.7 mg of crude material upon HF cleavage of 
1 18.6 mg dry H-[Taeg] 2 -C[Z]aeg-[Taeg] 5 -Lys(ClZ)-MBHA 



EXAMPLE! 22 

Solid-Phase Synthesis of H-fCaegJj-Lys-NH^ 
H-[Caeg] ft -Lys-NH 2( H-[Caeg] 8 -Lys-NH 2 , and 
H-[Caeg] 10 -Lys-NH 2 

(a) Stepwise Assembly of Boc-[C(Z)aeg] 10 -Lys(ClZ)- 
MBHA Resin and Shorter Fragments 

About 5 g of wet Boc-Lys(ClZ)-MBHA resin (substitu- 
tion=0.3 mmol Lys/g) was placed in a 30 ml SPPS reaction 
vessel. Boc-[C(Z)aeg], 0 -Lys(ClZ)-MBHA resin was 
assembled by single in situ DCC coupling of the first three 
residues with 0.1M of BocC(Z)aeg-OH together with 0.1M 
DCC in 10 ml 50% DMF/CHaClj ("Synthetic Protocol 9") 
and by single in situ DIC coupling of the remaining seven 
residues with 0.1M of BocC(25aeg-OH together with 0.1M 
DIC in 10 ml 50% DMF/CH 2 C1 2 ("Synthetic Protocol 10"). 
All the coupling reactions were allowed to proceed over- 
night. The synthesis was monitored by the ninhydrin reac- 
tion, which showed close to quantitative incorporation of all 
residues. During the synthesis, portions of the shorter frag- 
ments H-[C(Z)aeg] 3 -Lys(aZ>MBHA resin, H-[C(Z)aeg] 6 - 
Lys(ClZ)-MBHA resin, H-[C(Z)aeg] 7 -Lys(ClZ)-MBHA 
resin, H-[C(Z)aeg] 8 -Lys(ClZ)-MBHA resin, and 
H-[C(Z)aeg] 9 -Lys(ClZ)-MBHA resin were taken out for HF 
cleavage. 

(b) Cleavage, Purification, and Identification of H-[Caeg] 
5 -Lys-NH 2 

The protected Boc-[C(Z)aeg] r Lys(ClZ)-MBHA resin 
was treated as described in Example 34c to yield about 10.8 
mg of crude material upon HF cleavage of 60.1 mg dry 
H-[C(Z)aeg] 5 -Lys(ClZ)-MBHA resin. 

(c) Cleavage, Purification, and Identification of H-[Caeg] 
ft -Lys-NH 2 

The protected Boc-[C(Z)aeg] fl -Lys(ClZ)-MBHA resin 
was treated as described in Example 34c to yield about 13.4 
mg of crude material upon HF cleavage of 56.2 mg dry 
H-[C(Z)aeg] 6 -Lys(ClZ)-MBH A resin. 

(d) Cleavage, Purification, and Identification of H-[Caeg] 
g -Lys-NH 2 
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The protected Boc-[C(Z)aeg] 8 -Lys(ClZ)-MBHA resin 
was treated as described in Example 34c to yield about 16.8 
mg of crude material upon HF cleavage of 65.6 mg dry 
H-[C(Z)aeg] 8 -Lys(ClZ)-MBHA resin. 

(e) Cleavage, Purification, and Identification of H-[Caeg] 5 
lo-Lys-NHj 

The protected Boc-[C(Z)aeg] lo -Lys(ClZ)-MBHA resin 
was treated as described in Example 34c to yield about 1 42.4 
mg of crude material upon HF cleavage of 441 mg dry 
H-[C(Z)aeg] I0 -Lys(ClZ)-MBHA resin. 10 

EXAMPLE 123 

Solid-Phase Synthesis of 
H-[Taeg] 2 -Caeg-[Taeg] 2 -Caeg-[Taeg] 4 -Lys-NH 2 15 

(a) Stepwise Assembly of Boc-[Taegj 2 -C(Z)aeg-[Taeg] 2 - 
C(Z)aeg-[Taeg] 4 -Lys(ClZ)-MBHA Resin 

About 0.3 g of wet H-[Taeg] 2 -C(Z)aeg-fIaeg] 4 -Lys(ClZ)- 
MBHA resin from the earlier synthesis of Boc-[Taeg] 5 - 20 
C(Z)aeg-[Taeg] 4 -Lys(ClZ)-MBHA resin was placed in a 5 
ml SPPS reaction vessel. After coupling of the next residue 
five times, a total incorporation of BocC(Z)aeg of 87% was 
obtained. The five repeated couplings were carried out with 
0.18M BocC(Z)aeg-OPfp in 2 ml of TFE/CH^ (1:2, v/v), 25 



v/v) with two drops of dioxane and two drops of DIEA (this 
condition gave only a few per cent coupling yield), 2 ml of 
TFE/CH 2 C1 2 (1:2, v/v) plus 0.5 g phenol, and 1 ml of 
CHjC^ plus 0.4 g of phenol, respectively. The two final 
Taeg residues were incorporated close to quantitatively by 
double couplings with 0.25M BocTaeg-OPfp in 25% phe- 
nol/CH 2 Cl 2 . All couplings were allowed to proceed over- 
night. 

(b) Cleavage, Purification, and Identification of H-(Taeg] 
2 -Caeg-[Taeg] 2 -Caeg-[Taeg] 4 -Lys-NH 2 

The protected Boc-[Taeg] 2 -C(Z)aeg-[Taeg] 2 -C(Z)aeg- 
[Taeg] 4 -Lys(aZ)-MBHA resin was treated as described in 
Example 34c to yield about 7 mg of crude material upon HF 
cleavage of 80.7 mg dry H-[Taeg] 2 -C(Z)aeg-[Taeg] 2 - 
C(Z)aeg-[Taeg] 4 -Lys/ClZ)-MBHA resin. The crude product 
was purified to give 1.2 mg of H-[Taeg] 2 TCaeg-[Taeg] 2 - 
Caeg-[Taeg] 4 -Lys-NH 2 (>99.9% purity). 
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EXAMPLE 124 n 

Synthesis of a PNA with TWo Ami Parallel Strands 
Tied Together 

Synthesis of 50 
H-[Taeg]-[Taeg]-[Taeg]-[Gaeg]-[Taeg]-[Taeg]- 
[T^cg3-[6-AHA]-[aeg].[6.AHA]-[Iaeg]- 
[Taeg]-[TaegHAaegH'nieg]-['Iaeg]- 
[Taeg]-LYS-NH 2 . (6-AHA=6-aminohexanoic acid) 

(FIG. 14) 55 

The protected PNA was assembled onto a Boc-Lys(ClZ) 
modified MBHA resin with a substitution of approximately 
0.30 mmol/g. Capping of uncoupled amino groups was only 
carried out before the incorporation of the BocGaeg-OH 60 
monomer. Synthesis was initiated on 1.00 g (dry weight) of 
preswollen (overnight in DCM) and neutralized Boc-Ly- 
s(QZ)-MBHA resin. The incorporation of the monomers 
followed the protocol of Example 49 and Example 88. The 
coupling reaction was monitored by qualitative ninhydrin 65 
reaction (kaiser test). In case of a positive Kaiser test, the 
coupling reaction was repeated until the test showed no 



coloration of the beads. Final deprotection, cleavage from 
support, and purification were performed according to stan- 
dard procedures. 

EXAMPLE 125 

Alternative protecting group strategy for 
PNA-synthesis (FIG. 15). 

(a) Synthesis of test compounds 
2-amino-6-0-benzyl purine. lb a solution of 2.5 g (0. 1 09 

mol) of sodium in 100 ml of benzyl alcohol was added 10.75 
g (0.063 mol) of 2-amino-6-chloropurine. The mixture was 
stirred for 1 2 h at 1 20 0° C. The solution was cooled to room 
temperature and neutralized with acetic acid and extracted 
with 10 portions of 50 ml of 0.2N sodium hydroxide. The 
collected sodium hydroxide phases were washed with 100 
ml of diethyl ether and neutralized with acetic acid, whereby 
precipitation starts. The solution was cooled to 0° C. and the 
yellow precipitate was collected by filtration. Recrystalliza- 
tion from ethanol gave 14.2 g 92% of pure white crystals of 
the target compound. 1H-NMR (250 MHz— DMSO-d6) d 
ppm: 8-H, 7.92; benzyl aromatic, 7.60-7.40; 2NH 2 , 6.36; 
benzyl CH2, 5.57. 

(2-amino-6-0-benzyl purinyl)methylethanoate. A mixture 
of 5 g (0.0207 mol) of 2-amino-6-0-benzyl-purine, 30 ml of 
DMF and 2.9 g (0.021 mol) of potassium carbonate was 
stirred at room temperature. Methyl bromoacetate (3.2 g; 1 .9 
ml; 0,0209 mol) was added dropwise. The solution was 
filtrated after 4 h and the solvent was removed under reduced 
pressure (4 ramHg, 40° G). The residue was re crystallized 
two times from ethyl acetate to give 3.7 g (57%) of the target 
compound. 1H-NMR (250 MHz, DMSO-d6) d ppm: 8-H, 
7.93; benzyl aromatic 7.4-7.6; 2-NH2, 6.61; benzyl CH2, 
5.03; CH2, 5.59; OCH3, 3.78. 

(2N-p-Toluene sulfonamido-6-O-benzyl purinyl) methyl 
ethanoate. To a solution of 0.5 g (1.6 mmol) of (2-amino- 
6-O-benzyl purinyl) methyl ethanoate in 25 ml methylene 
chloride was added 0.53 g (1.62 mmol) of p-toluenesulfonic 
anhydride and 0.22 g (1.62 mmol) of potassium carbonate. 
The mixture was stirred at room temperature. The mixture 
was filtered and the solvent was removed at reduced pres- 
sure (15 mmHg, 40° C). Diethyl ether was added to the oily 
residue. The resulting solution was stirred overnight, 
whereby the target compound (0.415 mg; 55%) precipitated 
and was collected by filtration. 1H-NMR (250 MHz, 
DMSO-d6) d ppm: 8-H, 8.97; aromatic 7.2-7.8; benzyl 
CH2, 5,01; CH2, 4.24; OCH3, 3.73; CH3, 2.43. 

(b) Stability of the tosyl protected base-residue in TFA 
andHF 

The material was subjected to the standard deprotection 
conditions (TFA-deprotection) and the final cleavage con- 
ditions with HF. The products were then subjected to HPLC- 
analysis using a 4fi RCM 8x10 Nova pack column and 
solvents A (0.1% TFA in water) and B (0.1% TFA in 
acetonitrile) according to the following time gradient with a 
flow of 2 ml/min. 



Time 


ft A 


% B 


0 


100 


0 


5 


100 


0 


33 


0 


100 


37 


0 


100 


39 


100 


0 
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The following retention times were found: (a) Compound 1: 
30.77 min; (b) compound 2: 24.22 min; and (c) compound 
3: 1 1.75 min. The analysis showed that the 06-benzyl group 
was removed both by TFA and HF, whereas there was no 
cleavage of the tosyl group in TFA, but quantitative removal 5 
in HF under the standard cleavage conditions. 

EXAMPLE 126 

5-Bromouracil-N 1 -methyl acetate io 

5-Bromouracil (5.00 g; 26.2 mmol) and potassium car- 
bonate (7.23 g; 52.3 mmol) were suspended in DMF (75 ml), 
Methyl bromoacetate (2.48 ml; 26.1 mmol) was added over 
a period of 5 min. The suspension was stirred for 2 h at room 15 
temperature, and then filtered. The solid residue was washed 
twice with DMF, and the combined filtrates were evaporated 
to dryness, in vacuo. The residue was an oil containing the 
title compound, DMF and some unidentified impurities. It is 
not necessary to purify the title compound before hydrolysis. 
'H-NMR (DMSO-dg, 250 MHz); 8.55 (impurity); 8.27 
(CBr=CHN); 8.02 (impurity); 4.76 (impurity); 4.70 (impu- 
rity); 4.62 (NCH 2 COOCH 3 ); 3.78 (COOCH 3 ); 2.96 (DMF); 
2,80 (DMF). 13 C-NMR (DMSO^. 250 MHz); 168.8 ( 
COOCH 3 ); 172.5 (CH=CBrCON); 161 .6 (DMF); 151.9 (N 
CON); .145.0 (CO-CBr=£HN); 95.6 (CO£Br=CHN); 
52,6 (impurity); 52.5 (0£H 3 ); 49.7 (impurity); 48.8 (N 
CH 2 COOMe); 43.0 (impurity); 36.0 (DMF). UV(Methanol; 
m<u nm); 226; 278. IR (KBncm _1 _; 3158s (_NH); 1743 vs 
(_C=0, COOMe); 1701 vs (_C=0, CONH); 1438 vs „ 
(5CH, CH 3 0); 1223 vs (_£— O. COOMe); 864 m (5 CH, 
Br=C — H). FAB-MS m/z (assignment): 265/263 (M+H). 

EXAMPLE 127 

35 

(5-Bromouracil)acetic acid 

Water (30 ml) was added to the oil of the crude product 
from Example 126 and the mixture was dissolved by adding 
sodium hydroxide (2M, 60 ml). After stirring at 0° C. for 10 
min, hydrochloric acid (4M, 45 ml) was added to pH=2 and 40 
the title compound precipitated. After 50 min, the solid 
residue was isolated by filtration, washed once with cold 
water, and then dried in vacuo over sicapent. Yield: 2.46 g 
(38%). Mp. 250°-251° C. Anal, for C tt H 5 BrN 2 0 4 . Found 
(calc): C: 28.78 (28.94); H: 2.00 (2.02); Br: 32.18 (32.09); 45 
N: 11.29 (11.25). 'H-NMR (DMSG-d 6 , 250 MHz): 12,55 
(lH.s,COOH); 11.97 (1H, s,NH)i 8.30 (1H, s,C=C-H); 
4.49 (2H, s,NCH 2 COOH). 13 C-NMR (DMSO-d 6 , 250 
MHz); 169.4(QOOH); 159.8 (NHCOCBr=CH); 150.04 (N 
CON); 145,8 (COCBr=£HN); 94.6 (COCBr=CHN); 48.8 50 
(N£H 2 COOH). UV (Methanol; mtu flm)\ 226; 278. IR (KBr; 
cm" 1 ); 3187 s (__NH); 1708 vs (_C=0, COOH); 1687 vs; 
1654 VS t_C=0, CONH); 1192 s (_C— O, COOH); 842 
m (5 CH, Br— C=C— H). FAB-MS m/z (assignment, rela- 
tive intensity); 251/249 (M +H.5). 55 

EXAMPLE 128 

N-(Boc-aminoethyl)-N-(5-bromouracil) 
methylenecarbonoylglycine ethyl ester 60 

Boc-aminoethylglycine ethyl ester (1.80 g; 7.30 mmol) 
was dissolved in DMF (10 ml). Dhbt-OH (1.31 g; 8.03 
mmol) was added, whereby a precipitate was formed. DMF 
(2x10 ml) was added until the precipitate was dissolved The 65 
product of Example 127 (2.00 g; 8.03 mmol) was added 
slowly to avoid precipitation. Methylene chloride (30 ml) 



was added, and the mixture was cooled to 0° C. and then 
filtered. The precipitate, DCU, was washed twice with 
methylene chloride. To the combined filtrate was added 
methylene chloride (100 ml). The mixture was washed with 
half saturated NaHC0 3 -solution (3x100 ml, H 2 0:saturated 
NaHCO r solution 1:1 v/v), then with dilute KHSO^-solution 
(2x100 ml, H 2 0:saturated KHS0 4 - solution 4:1 v/v), and 
finally with saturated NaCl-solution (1x100 ml). The 
organic phase was dried over magnesium sulphate, filtered, 
and evaporated to dryness in vacuo (about 15 mmHg and 
then about 1 mmHg). The residue was suspended in meth- 
ylene chloride (35 ml), stirred for 45 min at room tempera- 
ture, and filtered (the precipitate was DCU). Petroleum ether 
(2 volumes) was added dropwise to the filtrate at 0° C, 
whereby an oil precipitated. The liquor was decanted and the 
remaining oil dissolved in methylene chloride (20-50 ml). 
Precipitated was effected by the addition of petroleum ether 
(2 volumes). This procedure was repeated 5 times until an 
impurity was removed. The impurity can be seen at TLC 
with 10% MeOH/CH 2 CI 2 as the developing solvent. The 
resulting oil was dissolved in methylene chloride (25 ml) 
and evaporaed to dryness in vacuo, which caused solidifi- 
cation of the title compound. Yield: 2.03 g ((58%). Mp. 
87°-90° C. Anal, for C^H^BrN^. Found (calc): C: 
42.33 (42.78); H: 5.15 (5.28); Br 17.20 (16.74); N: 1.69 
(11.74). 1 H-NMR (DMSO-dfi, 250 MHz, J in Hz): 1.93 & 
11.92 (1H, s,C=ONHC=0); 8.09 & 8.07 (1H, s,C=C— 
H); 7.00 & 6.80 (1H, t,b,BocNH); 4.80 & 4.62 (2H, s,NC 
H 2 CON); 4.35 & 4.24 (2H, s>JQi 2 COOEt); 4.27-4.15 
(2H,nVs, COOCH 2 CH 3 0); 3.47-3.43 (2H,m's, 
BocNHCH 2 CH 2 N); 3.28-3.25 & 3.12-3.09 (2H,m's,Boc- 
NHCR,CH — 2 N): 1.46 & 1.45 (9H, s/Bu); 1.26 & 1.32 (3H, 
tj=7.1, COOCH 2 CH 3 )- I3 BC-NMR (DMSO-d fi , 250 MHz); 
169.3 & 169.0 CBuO£=0); 167.4 & 167.1 (COOEt); 159.8 
(C=C— CON); 155.9 (NCH 2 £ON); 150.4 (NCON); 145.9 
(COCBr— CHN); 94.5 (COCBr=CHN); 78.2 (Me 3 C); 61.3 
& 60.7 (COCH 2 CH 3 ); 49.1 & 48.0 (NC^COOH); 48.0 & 
47.0 (NCH 2 CON); 38.6 (BocNHCHjQHjN) ; 38.2 (BocNH 
£H 2 CH 2 N); 26.3 (OQl^); 14.1 (COCHXH 3 ). UV 
(Methanol; ^ NM): 226; 280. IR (KBr, CM'*): 3200 ms, 
broad t_NH); 168 vs, vbroad (_C=0, COOH, CONH); 
1250 s („C— O, COOEt); 1170 s („C— O, COO'Bu); 859 
m (5 CH, Br— C=C— H). FAB-MS m/z (assignment, rela- 
tive intensity): 479/477 (M+H, 5); 423/421 (M+2H— 'Bu, 
8); 379/377 (M+2H—Boc, 100); 233/231 (M— backbone, 
20). 

EXAMPLE 129 

N-(Boc-aminoethyl)-N-(5-bromouracyl- 
N l -methylenecarbonoy Oglycinc 

The product of Example 128 (1.96 g; 4.11 mmol) was 
dissolved in methanol (30 ml) by heating, and then cooled 
to 0° C. Sodium hydroxide (2M, 30 ml ) was added, and the 
mixture stirred for 30, min. HC1 (1M, 70 ml) was added to 
pH=2.0. The water phase was extracted with ethyl acetate 
(3x65 ml +7x40 ml). The combined ethyl acetate extractions 
were washed with saturated NaCl-soluuon (500 ml). The 
ethyl acetate phase was dried over magnesium sulphate, 
filtered and evaporated lo dryness in vacuo. Yield: 1.77 g 
(96%). Mp. 92°-97° C. Anal, for C 13 H 21 BrN 4 0 7 . Found 
(calc): C: 40.79 (40.10); H: 5.15 (4.71); Br 14.64 (17.70); 
N: 1 1 .35 (12.47). 'H-NMR (DMSO-d fl , 250 MHz, J in Hz): 
12.83 (1H, s.COOH); 11.93 & 11.91 (1H, s,C=ON 
HC=0); 8.10 & 8.07 (1H, s,C=C~H); 7.00 & 6.81 
(!H,t,b,BocNH); 4.79 & 4.61 (2H, s, NC&CON); 4.37 & 
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4.25 (2H, s, NCH 2 COOH); 3.46-3.39 (2H,m's, 
BocNHCH 2 CH2N); 3.26-3.23 & 3.12-3,09 (2H,m's, Boc- 
NHCH 2/ C//2 N); 1.46 (9H, s/Bu). n C-NMR 9DMSO-d 6 , 
250 MHz); 170.4 CBuOC=0); 166.9(COOH); 159.7 
(C=C — CON); 155.8 (NCH 2 CON); 150.4 (NCON); 345.9 5 
(COCBi=CHN); 94.4 (COCBr=CHN); 78.1 (Me 3 C); 49.1 
& 48.0 (N£H 2 COOH); 47.7 & 47.8 (NCH 2 CON); 38.6 
(BocNHC 2 £H 2 N); 38.1 (Boc NH£H 2 CH 2 N); 28.2 (C( 
CH 3 ) 3 ). UV (Methanol; m(U nm); 226; 278. IR (KBr, cm' 1 ): ~ 
3194 ms, broad (_NH); 1686 vs, vbroad (_C=0 COOH, 10 
CONH); 1250 s L-C— O, COOH); 1170 s (_C— O, 
COO'Bu); 863 m (5 CH, Br — C=C — H). FAB-MS m/z 
(assignment, relative intensity): 449/451 (M+H, 70); 349/ 
351 (M+2H -Boc, 100); 231/233 (M — backbone, 20). 

15 

EXAMPLE 130 

Uracil-N 1 -methyl acetate 

Uracil (1 0.0 g; 89.2 mmol) and potassium carbonate (24.7 
g; 178 mmol) were suspended in DMF (250 ml). Methyl 
bromoacetate (8.45 ml; 89.2 mmol) was added over a period 
of 5 min. The suspension was stirred overnight under 
nitrogen at room temperature, and then filtered. TLC (10% 
methanol in ethylene chloride) indicated incomplete con- ^ 
version of uracil. The solid residue was washed twice with 
DMF, and the combined filtrates were evaporated to dryness 
in vacuo. The precipitate was suspended in water (60 ml) 
and HC1 (2.5 ml, 4M) was added to pH=2. The suspension 
was stirred for 30 min at 0° C, and then filtered. The 3Q 
precipitated title compound was washed with water and 
dried, in vacuo, over sicapent. Yield: 9.91 g (60%). Mp. 
182°-183° C. Anal, for C fi H 8 N 2 0 4 . Found (calc): C: 4538 
(45.66);H: 4.29 (4.38); N: 15.00 (15.21). *H-NMR (DMSO- 
d 6 , 250 MHz, J in Hz): 1.47 (1H, s, NTH); 7.68 (IRdJ^— 
C=C— H=7.9), CH=CHN); 5.69 (1H, d, J // -C=C— H= 35 
7.9), CH=CHN); 4.59 (2H, s, NCH2COOMe); 3.76 (3H, s. 
COOCH3). 13 C-NMR (DMSO-d 6t 250 MHz); 168.8 ( 
COOMe); 164.0 (C=C— CON); 151.1 (N£ON); 146.1 
(COCH=£HN); 101.3 (CO£H=CHN); 52.5 (COO£H 3 ); 
48.7 (N£H 2 COOMe). UV (Methanol; ^m): 226; 261. IR 
(KBr; cm' 1 ); 3164 s (_NH); 1748 vs ( C=0, COOMe); 
1733 vs (_C=0. CONH); 1450 vs (5CH. CH 3 0); 1243 VS 
L_C— O.COOMe); 701 ra (5 CH, H— C=C— H). FAB-MS 
m/z (assignment); 185 (M+H). 45 

EXAMPLE 131 

Uracilacetic acid 

Water (90 ml) was added to the product of Example 130 so 
(8.76 g; 47.5 mmol), followed by sodium hydroxide (2M, 40 
ml). The mixture was heated for 40 min, until all the methyl 
ester has reacted. After stirring at 0° C. for 15 min, hydro- 
chloric acid (4M, 25 ml) was added to pH=2. The title 
compound precipitated and the mixture was filtered after ss 
2-3 h. The precipitate was washed once with the mother 
liquor and twice with cold water and dried in vacuo over 
sicapent. Yield: 6, 0.66 g (82%). Mp. 288°-289° C. Anal, for 
CfiPeNaO* Found (calc): C: 42.10 (42.36), H: 3.43 (3.55); 
N: 16.25 (16.47)/ 1 H-NMR (DMSO-cy, 250 MHz, J in Hz): 60 
13.19 (1H, s,COOH); 11.41 (lH,s,NH); 7.69 (1H, dj„— 
C=C— H=7.8, Jjt-C— N— H=2.0, cocji=chn); 4.49 (2H, 
S.NCH2COOH). C-NMR (DMSO-dg, 2509 MHz); 169.9 ( 
COOH); 163.9 (CH=CH£ON); 151.1 (N£ON); 146.1 
(COCH=£HN); 100.9 (CO£H=CHN); 48.7 NC 65 
H 2 COOH. UV (Methanol; ^m): 246; 263. IR (KBr; 
cm -1 ): 3122 s (_NH) 1703 vs (_C=0, COOH); 1698 vs, 
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1692 vs (_C=0, CONH); 1205 s (_C— O, COOH); 676 (6 
CH, H— C=C— H). FAB-MS m/z (assignment) 171 
(M+H). 

EXAMPLE 132 

N-(Bocaminoethyl)-N-(uracil-N l - 
methylenecarbonoyl)glycine ethyl ester 

(Bocaminoethyl)glycine ethyl ester (2.00 g; 8.12 mmol) 
was dissolved in DMF (10 ml). Dhbt-OH (1.46 g; 8.93 
mmol) was added and a precipitate was formed, DMF (2x10 
ml) was added until all was dissolved. The product of 
Example 131 (1.52 g; 8.93 mmol) was added slowly to avoid 
precipitation. Methylene chloride (30 ml) was added, and 
the mixture was cooled to 0° G, whereafter DDC (2.01 g; 
9.74 mmol) was added. The mixture was stirred for 1 h at 0° 
C, at 2 h at room temperature, and then filtered. The 
precipitated DCU was washed twice with methylene chlo- 
ride. To combined filtrate was added methylene chloride 
(100 ml), and the solution washed with half-saturated 
NaHC03-soluuon (3x100 ml, H 2 0:saturated NaHC0 3 -so- 
lution 1:1 v/v), then with dilute KHS0 4 -solution (2x100 ml, 
H 2 0:saturated KHS0 4 -solution 4:1 v/v) and finally with 
saturated NaCl-solution (1x100 ml). The organic phase was 
dried over magnesium sulphate, filtered and evaporated to 
dryness in vacuo (about 15 mmHg and then about 1 mmHg). 
The residue was suspended in methylene chloride (32 ml), 
and stirred for 35 min at room temperature, and 30 min at 0° 
C, and then filtered. The precipitate (DCU) was washed 
with methylene chloride. Petroleum ether (2 volumes) was 
added drop wise to the combined filtrate at 0° C, which 
caused separation of an oil. The mixture was decanted, the 
remaining oil was then dissolved in methylene chloride (20 
ml), and then again precipitated by addition of petroleum 
ether (2 volumes). This procedure was repeated 5 times until 
an impurity was removed. The impurity can be seen by TLC 
with 10% MeOH/CH 2 Cl 2 as the developing solvent. The 
resulting oil was dissolved in methylene chloride (20 ml) 
and evaporated to dryness in vacuo, which caused solidifi- 
cation of the title compound. Yield: 1.71 g (53%). Mp. 
68.5°-75.7° C. Anal for (^H^O,. Found (calc): C: 
50.61 (51.25); H: 6.48 (6.58); N: 13.33 (14.06). l H-NMR 
(DMSO-d 6 , 250 MHz J in Hz): 31.36 (1H, s,C=ON 
HO=0); 7.51 & 7.47 (lH,dJ /r -C=C— H+6.1; 
COCH=X— B); 7.00 & 6.80 (1H, t,b, BocNH); 5.83 & 5.66 
(lH,dJ„^-C=C— H=5.7, COCH=CH); 4.78 & 4.60 (2 H, 
s, NCH2CON); 4.37 & 4.12 (2H, s,NCli 2 COOEt); 4.30 
-4.15 (2H, m's, COOCH 2 CH 3 ); 3.49-3.46 (2H,m's, 
BocNHCH 2 CH 2 n); 3.27 3.23 & 3.11-3.09 (2H, m's, Boc- 
NHCHjCHjN; 1.46 (9H, s, 'Bu); 1.39-1.23 (3H, m's, 
COOCHjQk). 13 C-NMR (DMS0-d 6 , 250 MHz): 169.4 & 
169.0 CBuO£=0); 167.6 & 167.3 (£OOEt); 163.8 
(CH=CH£ON); 155.8 (NCH 2 £ON); 151.0 (N£ON); 146.3 
(COCH=£HN); 100.8 (CO£H=CHN); 78.1 (Me^); 61.2 
& 60.6 (COOCH 2 CH 3 ); 49.1 (N£H 2 C00Et); 47.8 & 47.0 
(N£H 2 CON); 38.6 (BocNHCH 2 CH 2 N); 38.1 & 37.7 
(BocNH£H 2 N); 28.2 (C(CH 3 ) 3 ); 14.1 (CO — OCH 7 CH 3 . 
UV (Methanol; ^ nm); 226; 264. IR (KBr; cm" 1 ): 3053 m 
C_NH); 1685 vs, vbroad C_C=0, COOH, CONH); 1253 s 
(__C— O, COOEt); 1172 s (_C— O, COO'Bu); 718 w (8 
CH, C— C— C— H), FAB-MS m/z (assignment, relative 
intensity); 399 (M+H, 35); 343 (M+2H— fcu, 100); 299 
(M+2H— Boc, 100); 153 (M-backbone ? 30). 

EXAMPLE 133 

N-(Bocaminoethyl)-N- 
(uracilmcthylenecarbonoyl)glycine 

The product of Example 132 (1.56 g; 3.91 mmol) was 
dissolved in methanol (20 ml) and then cooled to 0° C. 
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Sodium hydroxide (2M, 20 ml) was added, and the mixture 
was stirred for 75 min at 0° C, Hydrochloric acid (1M. 46 
ml) was added to pH=2.0. The water phase was extracted 
was ethyl acetate (3x50 ml+7x30 ml). The combined ethyl 
acetate extractions were washed with saturated NaCl solu- 
tion (360 ml). The ethyl acetate phase was dried over 
magnesium sulphate, filtered, and evaporated to dryness, in 
vacuo. The residue was dissolved in methanol and evapo- 
rated to dryness, in vacuo. Yield: 0.55 g (38%). Mp 
164M70 0 C Anal, for C l5 H M N 4 0 7 . Found (calc): C: 
46.68 (48.65); H: 6.03 (5,99); N: 1461 (15.13). ! H-NMR 
(DMSO-d 6 , 250 MHz, J in Hz); 12.83 (1H, s, COOH); 1 1.36 
(1H, s, C— ONHC=0); 7.52-7.45 (1H, m's, COCH=C 
HN); 7.00 & 6.82 (1H, t,b, BocNH); 5.67-5.62 (1H, M's, 
COCH=CHN); 4.76 & 4.58 (2H, s, NCH 2 CON); 4.26 & 
4.05 (2H, s, NCHjCOOH); 3.46-3.39 (2H, m's, 
BocNHCH 2 CH 2 N); 3.25-3.23 & 3.15-3.09 (2H ( m's, Boc- 
NHCH 2 CH 2 N); 1.46 (9H, s, T3u). 13 BC-NMR (DMSO-d 6 , 
250 MHz); 170.5 CBuO£=0); 167.2 (COOH); 163.9 
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(C=C-£ON); 155.8 (NCH 2 £ON); 151.1 (NCON); 146.4 
(COCH=CHN); 100.8 (COCH=CHN); 78.1 <M%Q- 49.1 & 
47.8 (NCH 2 COOH); 47.6 & 46.9 (N£H 2 C0N); 38.6 (Boc- 
NHCH 2 CH 2 N); 38.1 & 37.6 (BocNH£H 2 CH 2 N); 28.2 (C ( 
CH 3 ) 3 ). UV (Methanol; max nm); 226; 264. TR (KBr; cm" 1 ); 
3190 C_NH); 1685vs, vbroad (_C=0, COOH, CONH); 
1253s (_C— O, COOH); 1171s („C— O, COCBU); 682 w 
(8 CH, H— C=C— H). FAB-MS m/z (assignment, relative 
intensity): 371 (M+H, 25); 271 (M+H -Boc, 100). 

EXAMPLE 134 

H-U10-LysNH 2 

Synthesis of the tide compound was accomplished by 
using "Synthetic Protocol HP. The synthesis was initiated 
on approximately 100 mg Lys(ClZ)-MHBA-resin. The 
crude product (12 mg) was pure enough for hybridization 
studies. The hybrid between 5'-(dA) 10 and H-U10 had Tm 
of 67.5° C. 



SEQUENCE LISTING 



C 1 ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 14 



( 2 ) INFORMATION FOR SEQ ID NO:l: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 1 1 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: ringlc 
( D ) TOPOLOGY: unknown 



( i i ) MOLECULE TYPE: peptide 



( t x ) FEATURE: 

{ A ) NAME/KEY: ModiQcd-sitc 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /lab ^MODIFIED- SITE 
/ noU^Thyrainc hctcrocydi: u attached to 
N-acctyi(2- aminoclhyl)glycinc through the 
N-acctyl group ai position I of the he icro cycle." 

(ii) FEATURE: 

( A ) NAME/KEY: ModiQcd-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /kbcbModiScd-sitc 
/ notc="Tfayminc hct cro cyclc is attached to 
N-acayl(2- anriaocthyOglycinc through the N -acetyl 
group ai potUioa 1 of the hrtCrocyclc." 

( i i ) FEATURE: 

( A ) NAME/KEY: ModiQcd-tilc 
( B ) LOCATION: 3 

( □ ) OTHER INFORMATION: /labd^ModiQed-silc 
/ r«*c="Tbyminc hctcrocyclc is attached to 
N-acctylG- amincc(hyl)glycinc through the N-acctyl 
group at position 1 of the hctcrocyclc." 



( 1 x ) FEATURE: 

{ A ) NAME/KEY: ModUtcd-tilc 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /labcfcMoriBoi-fitc 
/ notc=-' Thymine hctcrocyclc is attached to 
N-acctyt(2- aminoclhyl)tlyrinc through the N-acctyl 
group at position 1 of the hctcrocyclc." 

( t * ) FEATURE: 

{ A ) NAME/KEY: Modified-sitc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /labcI=ModiScd-siuj 
/ coiCBTbyminc hctcrocyclc is attached to 
N-acctyl(2- aminocthyOglycinc through the N-acctyl 
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group at position 1 of ihc hctcrocyclc 

( i x ) FEATURE: 

( A ) NAME/KEY; Modified- siic 
t B ) LOCATION: 6 

( D ) OTHER INFORMATION: /labct=Modified-sitc 
/ rxic^ Thymine hctcrocydc is attached lo 
N acctyl(2- aminocthyOglyrinc ihrougb ihc N-acctyl 
group at position t of ihc hctcrocyclc." 

( i * ) FEATURE: 

{ A ) NAME/KEY: Mothflcd-siic 
{ B ) LOCATION: 7 

{ D ) OTHER INFORMATION: /labtJ=Mouifc:d-site 
/ noic=Thyminc hctcrocydc is attached 10 
Nacctyi(2- onunocthyDglycinc through Ihc N-occtyl 
{roup ai position 1 of ihc hctcrocydc." 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modificd-iitc 
( B ) LOCATION: 8 

{ D ) OTHER INFORMATION: /labc^Modificd-sitc 
/ noic='Thyminc he icro cycle is attached to 
N-acctyl (2- aminocthyl) glycine through the N-acctyl 
group at position 1 of the hocrocyclc" 

C i x ) FEATURE: 

( A ) NAME/KEY^ Modified- site 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /labc^Mwafod-silc 
/ noic= Thymine hcierocydc is attached to 
N-acclyU2- nmiaocthyl)glycinc through the N-acctyl 
group u position 1 of the hctcrocyclc" 

( l x ) FEATURE; 

( A ) NAME/KEY: Modificd-siic 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: flabcl=Modificd-siu; 

/ nou^" 'thymine hctcrocyclc is attached to 
N-acctyl(2- ominocihyl)grycinc through the N-acctyl 
group at position 1 of ihc hctcrocyclc" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Xaa Xaa Xu Xai Xaa Xaa Xaa Xu Xaa Xaa Lys 

1 5 10 



( 2 ) INFORMATION FOR SEQ ID NO:2: 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 1 1 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDED NESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-sitc 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /labd^ModiOol-silc 
/ notcsTThyminc hctcrocydc is studied to 
N-acctyl(2- tminoohyDglycinc through the N-acctyl 
group at position I of the brtrrocyulc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-sltc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /labcl=Modirfcd-siic 
/ notcs'Thyminc hctcrocydc is attached to 
N-acctyl(2- aminoahyl)glycinc through the N-acctyl 
group at position 1 of the hctcrocyclc** 

( i x ) FEATURE: 

( A ) NAME/KEY: ModiGcd-silc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION; /labcKModificd-sitc 
/ notc="Tbyminc beicrocycJc ft attached to 
N-acc(yl(2- aminocthyl)glycuic through the N-acctyl 
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group at position 1 of ibc hcicrocyclc.'* 

( i x ) FEATURE 

( A ) NAME/KEY: Modi Gcd- site 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: nabcl=Modificd-sitc 
/ notc="Tbyminc hctcrocyclc is attached lo 
N-acctyl(2- aminocthyljglycinc through the N-icctyl 
group at position 1 of the hctcrocyclc." 

( t x ) FEATURE: 

( A ) NAME/KEY: Modifial-siic 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: Aabcl=Modincd-ritc 
/ noic^'Cytosinc bctciocyclc is attached to 
N-acctyI(2- aminccthyljglycinc through the N-icctyl 
group ai pojiion 1 of the hocrocyefc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /UbcWModificd-iiu; 

/ notc=* Thymine bctwocyclc is attached to 
N-acctyl(2- aminocthyl)glycinc through the N-acctyl 
group at position 1 of the hctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: Aabd=Modificd-iiic 
/ noic^Tbyrolnc hctcrocyclc Is auachcd 10 
N-acctyl(2- aminocthyl)glycinc through tho N-acctyl 
group ai position 1 of the bctcrocyclc." 

{ i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: ft 

( D ) OTHER INFORMATION: /labcl=Modificd-silc 
/ notc^Tbymlnc hctcrocyclc is auachcd to 
N-acctyl(2- aminoclhyl)glycinc through the N-acctyl 
group at position 1 of Ibc bderocyde." 

C i x ) FEATURE: 

( A ) NAME/KEY: Modificd-siic 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /labd=Modificd-sitc 
/ notc=Tbymific hcunocyclc Is auachcd to 
N-acdyl(2- amtnocthyUglycinc through ibc N-acctyl 
group ai position 1 of the bc^c^ocyclc. ,, 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: /labcl-ModiGcd-suc 
/ notc^Thyminc hctcrocyclc is attached to 
N-acctyl(2- usicocthyDglycinc through the N-acctyl 
group at position 1 of the bderocyde." 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N02: 



( 2 ) INFORMATION FOR SEQ ID N0:3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 11 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDED NESS: single 
( D 1 TOPOLOGY: unknown 

C i i ) MOLECULE TYPE: peptide 

C i x ) FEATURE: 

( A ) NAME/KEY: Modificd-siic 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /label-Modi Gcd-«ic 
/ Doic=**Tbyrn ire hctcrocyclc is atuched to 
N-acctyI(2- arainocthyljglycinc through the N-acctyl 
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group at position 1 of the bclcrocyclc." 

( i O FEATURE: 

( A ) NAME/KEY; Modlflcd-sUc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /labcteModtficd-silc 
/ notc="Thyminc hcterocyclc is attached id 
N-acctyl(2- aminoctbyOglycinc through the N-acctyl 
group at position 1 of the bcicrocyclc." 



( i x ) FEATURE: 

( A ) NAME/KEY: ModiQcd-sitc 
{ B ) LOCATION: 3 

( D ) OTHER INFORMATION: /Iabd=M«iifinl-siic 
/ nolc="Cytosinc bcicrocyclc is attached to 
N-nccly!f> aminccthyl)glycinc through the N-acctyl 
group at position 1 of the hcterocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sile 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /labcl=M(Xli/lcd-sii£ 
/ iulc="Thymioc hcterocyclc is attached to 
N-acclyH2- aminodhyl) glycine through the N- acetyl 
group at position I of the hcterocyclc." 

( ii) FEATURE: 

( A ) NAME/KEY: Modificd-siic 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /labcl=Modlflcd-siic 
/ nolc-^Thyroioc bcicrocyclc is attached to 
N-acctyl(2- aoiinoclhyl)glycinc through the N-acctyl 
group at position 1 of the hcterocyclc." 

( i * ) FEATURE: 

( A ) NAME/KEY: Modificd-silc 
( B ) LOCATION: 6 

{ D ) OTHER INFORMATION: flabct=ModJftcd-sil£ 
/ noir="Cytocnc bcicrocyclc is attached to 
N-acciyl(2* aminoahyl)glycinc through the N-acctyl 
group at position 1 or the hcterocyclc." 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modified- nic 
( B ) LOCATION: 7 

{ D ) OTHER INFORMATION: /labcbModiflcd-silc 
/ ncrtc='Tbyminc hcterocyclc is attached to 
N-acciyl(2- aminocthy I) glycine through the N-acclyl 
group at position 1 of the bcierocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: ModiQcd-sitc 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: /labcWYtodificd-sftt 
/ notc^Thyminc hcterocyclc b attached to 
N-acctyl(2- aminocthyljglytinc through the N-acctyl 
group at position 1 of the baerocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modtficd-site 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /labcbModificd-site 
/ notc^Tbymioo bclcrocyclc is attached to 
N-ocety](2- aminccthyUglycine through the N-acciyl 
group at position 1 of the bctcrocycle." 

( i x ) FEATURE: 

< A ) NAME/KEY: Modineo-silc 
( B ) LOCATION: 10 

( D 1 OTHER INFORMATION: /]abc*N!odiftcd-jite 
/ nou^ Thymine bctcrocycle it attached to 
N-acctyl{2- aminccUijIJglycinc through the N-ieciyl 
group at position 1 of the hcfcrocyclc." 

( « i ) SEQUENCE DESCRIPTION: SEQ ID NO:3: 



X 



5 



Xa. Lys 

i n 
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{ 2 ) INFORMATION FOR SEQ ID NO:4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 11 amiivo acidi 
( B ) TYPE: amino acid 
( C ) STRANDED NESS: Jingle 
{ D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 



( i » ) FEATURE: 

( A ) NAME/KEY: Modificd-nic 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /libcl=M«fificd-«l£ 
/ no lc=> "Thymine hcicrocyclc is attached U> 
N-8C«yI(2- wnirocihyDglycinc through ihc N-acctyJ 
group at posilioo I of iho hcicrocyclc." 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modificd-siic 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /labclsModificd-ole 
/ notc="Tbyininc hcicrocyclc u aiuchcd to 
N-acclyI(2- aminoclhyljglycinc through ihc N-acctyl 
group al position 1 or ihc hcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifed-sitc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /bbd=Modiacd-3itc 
/ note="TbymirJc hcicrocyclc it attached to 
N-acctyU2- aminocihyl)glycinc ihrongb tfcc N-acctyl 
group al position 1 of the bcterocydc." 

( i x ) FEATURE: 

( A ) NAME/KEY: ModiGcd-siie 
( B ) LOCATION: 4 

{ D ) OTHER INFORMATION: /labcl=Modificd-iitc 
/ noica'Thymioc hcicrocyclc u BUicbc4 to 
N-acctyl C2- arninoctiiytjglyciw through the N-acctyl 
group ai position I of the bctcrocyclc" 

{ i x ) FEATURE: 

( A ) NAME/KEY Modified-sitc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /Itbc^Modiftcd-siic 
/ notc=**Cyiosinc hcicrocyclc u attached to 
N-acctyU2- aminocthyOglycinc through the N-acctyl 
group at position I of the hctcrocydc." 

( i x ) FEATURE: 

( A J NAME/KEY: ModiBcd-silc 
( B J LOCATION: 6 

( D J OTHER INFORMATION: /lebcl'Modificd-sitc 
/ notc* M Thymiiic hcicrocyclc is attached to 
N-acctyl (2- aminocthyOglycinc through the N-acctyl 
group ai position 1 of the bcicro cycle." 

{ i x ) FEATURE: 

( A ) NAME/KEY: Mo&ficd-sitc 
{ B ) LOCATION: 7 

( D ) OTHER INFORMATION: /l»bci=Modificd-«tc 
f BcicVThyrninc bctcrocyclc is aiuchcd to 
N-acctyl(2> aminocthyOglyeroc through the N- acetyl 
froup al position 1 of the hcicrocyclc*' 

(in) FEATURE: 

( A ) NAME/KEY: Modiflcd sitc 
{ B ) LOCATION: 8 

( D ) OTHER INFORMATION: /UbcfeModificd-aile 
/ Dotc° H Cytosinc hcicrocyclc is auached to 
N-acctyt(2- aminocihyQgtycinc through the N-acctyl 
group n position 1 of the hcicrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modincd-aiic 
( B ) LOCATION: 9 

t D ) OTHER INFORMATION: /labcWModificd-aitc 
/ noic-'Tbyminc hcicrocyclc ij attached to 
N-&cstyl(2- ajninocthyOtrycinc ihrough the N-acctyl 
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group nt position 1 of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-aite 
( B ) LOCATION: 10 

( D > OTHER INFORMATION: /labcl=Modincd-sitc 
/ notc^Tbyminc hctcrocyclc is attached to 
N-acctyI(2- am inocthyl) glycine through the N-acctyl 
group ai pot i lion I of ihc hctcrocyclc." 

( x i ) SEQUENCE DESCRIPTION: SEQ TO NO*: 

X a a X a a X a i Xaa Xaa Xn Xaa Xaa Xaa Xaa Lyi 

I 5 10 



( 2 ) INFORMATION FOR SEQ ID NO:S; 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH; 15 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-iite 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /label-Modified- a u: 
/ no lt= "Thymine hctcrocyclc is attached u> 
N-acciyt(2- aminocihyOglycinc through the N-acctyl 
group at position 1 of the hctcrocyclc" 

(ix) FEATURE: 

( A ) NAME/KEY: Modiflcd-jiU: 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /label =Modiflcd-sitc 
/ notc=*'Guaninc hctcrocyclc ij attached to 
N.acctyi(2* aminocihyOglycinc through the N-acctyl 
group at position 9 of the hctcrocycls." 

( t x ) FEATURE: 

( A ) NAME/KEY: Modificd-shc 
< B ) LOCATION: 3 

( D ) OTHER INFORMATION: Aabc!=Modificd-$il£ 
/ notc^Tbyminc bctcrocyelc is attached to 
N-acctyt{2- iminocthyOglycinc through the N -acetyl 
group ot position I of the hctcrocyclc." 

(it) FEATURE: 

( A ) NAME/KEY: Modificd-shc 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /iibc^Modificd-sitc 
/ notc=^Adcninc hctcrocyclc u aiuchcd to 
N-acctyl(2- aminocthyljglyctnc through the N-acctyl 
group at position 9 of the hclcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-litc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /labcl*Mouifcd-sitc 
/ nolc-Xytojinc hctcrocyclc is attached to 
N-acctyiC- am inocihyD glycine through the N-acctyl 
group si position I of the hctcrocyclc.'' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-shc 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /labcl=Modi!icd-siie 
/ bo ic*" Guanine hctcrocyclc ii aiuchcd to 
N-acciyl(2- aminoctbyDglycinc through the N-acciyt 
group at positioo 9 of the hctcrocyclc." 

( i x ) FEATURE: 

( A } NAME/KEY. Modificd-iiic 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /tabcl=Modificd.silc 
/ notcTbyminc bctcrocyelc is attached to 
N-acctyl(2- aminocthyl) glycine through the N -acetyl 
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group at position 1 of ihc hetcrocyclc." 

( I x ) FEATURE: 

( A ) NAME/KEY: Modificd-silc 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: nabct=Modiflcd-silc 
/ notcsXylosinc hcicrocyclc is attached lo 
N -acetyl (2- aniinocihyljjlycinc through lie N -acetyl 
group at poiilion 1 of the octcrccyclc." 

( i x ) FEATURE: 

( A } NAME/KEY: Modificd-site 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /labcfcModificd-sitc 
/ wrtc**'Adcninc bctcrocyclc is attached to 
N-acctyl(2- aminocthyUglycinc through lie N-icctyl 
group al position 9 of the hetcrocyclc," 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modi fed- jiic 
{ B ) LOCATION: 10 

( O ) OTHER INFORMATION: flabcl=Medifcd*sile 
/ notc«**Cyiosiiic hcicrocyclc is attached to 
N-acciyl(2- amiDocthyl)glyclnc through the N -acetyl 
group at poiilion 1 of the hctcroeycls." 

( i i ) FEATURE: 

( A ) NAME/KEY: Modificd-riic 
( D ) LOCATION: II 

( D ) OTHER INFORMATION: /labcl=Modificd-sitc 
/ noic="Adcninc hetcrocyclc is attached to 
N-8cciyl(2- am lnocihyl) glycine through the N-aectyl 
group at position 9 of the hcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-silc 
( D ) LOCATION: 12 

{ D ) OTHER INFORMATION: /libcl=Modificd-silc 
/ no(c»"Adcninc hcicrocyclc is attached to 
N-acciyl(2- iminocihyljglycinc through the N-icctyl 
group at position 9 of the hcicrocyclc." 

( i a ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 13 

(■ D ) OTHER INFORMATION: /labcl^ModiGed-sitc 
/ nouVCyiasinc hetcrocyclc is attached u> 
N-scctylO uninocihyDglydnc through the N-acctyl 
group at position 1 of the hcicrocyclc." 

fix) FEATURE: 

{ A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 14 

( D ) OTHER INFORMATION: /libcfeMcdificd-litc 
/ note a* Thymine hetcrocyclc is attached to 
N-acctyl{2' am tnocthyl) glycine through the N-acctyl 
group it position 1 of Ihc hetcrocyclc. M 

( i x ) FEATURE 

( A ) NAME/KEY. Modificd-sitc 
( B ) LOCATION: 15 

( D ) OTHER INFORMATION: /labcl^ModificoVsilc 
/ notc^Adcnine hetcrocyclc is attached to 
N-icctyl(2- trainoahyOglydnc through the N-acciyl 
group al position 9 of the hcicrocyclc.'* 

{ * i ) SEQUENCE DESCRIPTION: SEQ ID NO:S: 

X a a Xaa Xaa Xaa Xaa X a a Xaa X a a Xaa Xaa Xaa X a a Xaa Xia Xaa 

1 5 10 I 5 



( 2 } INFORMATION FOR SEQ ID NCh6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 amino acids 
( B ) TYPE: ammo acid 
( C ) STRA ND ED NESS : single 
{ D ) TOPOLOGY: unknown 
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< i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: I 

( D ) OTHER INFORMATION: /labcl*M[>dificd-sitc 
/ notcssiCyiorinc bcxro cycle u attached lo 
N-6Cctyl(2- nminocihyl)glycinc through the N-ocelyl 
group at position 1 of the bcicrocyclc." 



fix) FEATURE: 

( A ) NAME/KEYi Modiflcd-sitc 
( B ) LOCATION: 2 

< D ) OTHER INFORMATION: /libcfeModifictl-siic 
/ DOic=**Cyiosinc hctcrocyclc u attached to 
N-ecclyl(2- laninocthyljglycinc ihrough the N -acetyl 
group ai position I of the bstcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/ KEY: Modificd-sitc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /labcl=Modifial-sitc 
/ notes Thymine hoc recycle tj itucbcd to 
N*acciyl(2- aminocihyOglycinc through ibe N -acetyl 
group at position I of lie heicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B } LOCATION: 4 

( D ) OTHER INFORMATION: /]abcl=Mouir«d.silc 
/ nole^Thyrainc hctcrocyclc ii atticbcd lo 
N-icctyl{2- ammccihyt)glycinc through the N-acctyl 
Croup ii position t of the bcicrocyclc." 

( i x ) FEATURE: 

{ A ) NAME/KEY: ModiGcd-silc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /labCl=Modi&cd-siic 
/ noic="*Cytoj$nc bcicrocyclc ii atUcbcd to 
N-»cdyl(2- arninoohyi)g!ydnc through the N-acciyl 
group it position I of tic hctcrocyclc" 



( i x ) FEATURE: 

( A ) NAME/KEY Modificd-siti: 
( 3 ) LOCATION: 6 

( D ) OTHER INFORMATION: /laDcl=Modi(fcd-sitc 
/ notc=~Cytosinc hctcrocyclc u atticbcd to 
N-icayl(2- amirocthyijgjycinc ihrough the N- acetyl 
Croup it position ) of the heicrocyclc." 

{ i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /labd=ModiQcd-Ji£ 
/ nolc=»*Cyiosmc hctcrocyclc is atticbcd lo 
N-acciyt(2- am inoabyl) glycine through the N-acctyl 
group at position ) of the bcicrocyclc.'' 



( i x ) FEATURE: 

( A ) NAME/KEY: Modified- site 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: /)abcl=Modiucd-uU: 
/ noic^Thyminc hctcrocyclc is attached to 
N-acciyl(2- aminocihyl)glycinc ihrough the N-acctyl 
group it position I of the bcicrocyclc." 



( t x ) FEATURE 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /Iabcl=Modiucd-iitc 
/ notesTbyminc hctcrocyclc ti attached to 
N-acctyK2- uninoohyl)glycinc through the N-acctyl. 
group si position I of the bcicrocyclc.'* 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:& 
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( 2 ) INFORMATION FOR SEQ ID NQ:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 amino »cids 
( B ) TYPE: amino add 
( C ) STRAND ED NESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 



( i x ) FEATURE: 

( A > NAME/KEY: Modificd-site 
( B ) LOCATION: I 

( D ) OTHER INFORMATION: /labcl*Modificd-sitc 
_ / notc='Thyminc hctcrocyclc is amebed to 
N-*cciyl(2- ammocihyljglytinc through the N-acciyl 
group n position 1 of the hctcrocyclc.'' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifcd-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /Iabcl=Modincd-sitc 
/ ROics'Tbyminc hctcrocyclc ii attached to 
N-arctyl(2- aminocthyl)glycine through the N-acctyl 
group at position 1 oX the bcicrocyclc. " 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /labcl=Modificd-sitc 
/ noic="Cyiosinc bcicrocyclc u aiucbcd to 
N-icciy](2- amtnoclhyOglycinc through the N-acctyl 
group at position t of the hctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B 1 LOCATION: X 

( D ) OTHER INFORMATION: /labcl=Modificd-3ilc 
f notc= M Cytosmc hcuxocyclc Is a niched to 
N-atctyl(2- aminoctbyl)glycuic through the N-acctyl 
group at position 1 of the hctcrocyclc.** 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiftcd-silc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /label-Modi Cfrf-siic 
/ notc=Xytosinc bcicrocyclc is auicbcd to 
N-acctyl(2- aminoctbyOglycinc through the N-acctyl 
group at position I of the bcicrocydc.*' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: fi 

( D ) OTHER INFORMATION: /hbcl-Mattfcd-siic 
/ notcoTbyninc hctcrocyclc is studied to 
N-acctyI{2- arainocthyljglycinc through the N-acctyl 
group ai position 1 of the hctcrocyclc" 

i i x ) FEATURE: 

( A ) NAME/KEY: Modifcd-sitc 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /libel -Modified -site 
/ notc^Thyminc bcicrocyclc is jiucbcd to 
N-acctyl (2- amioocthyl)g]yctnc through the N-acctyl 
group at position I of the bcicrocyclc." 

( i x } FEATURE: 

( A ) NAME/KEY: Modificd-site 
{ B J LOCATION: 8 

( D ) OTHER INFORMATION: /Ubd=Modificd-silc 
/ ootcs H CyumQC bcicrocyclc is i inched to 
N-aectyl(2- aniinoclhyDglydnc through the N-acctyl 
group si position 1 of the bcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified- jiu 
( B ) LOCATION: 9 

{ D ) OTHER INFORMATION: /I sbcl= Modified -a tc 
/ notc="Cytoainc hctcrocyclc is lUacbcd to 
N-acctyI(2- aminoctbyOglycinc through the N-acctyl 
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group bi position l ofihc betcrecyclc " 

( * i ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

Xaa Xaa Xat Xaa Xti Xm Xaa Xaa Xaa 
1 3 



( 2 ) INFORMATION FOR SEQ ID NO: 8: 

( i ) SEQUENCE aiARACTERJSTICS: 
( \ ) LENGTH: IS amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i * ) FEATURE: 

( A ) NAME/ KEY: Modificd-sitc 
( 3 ) LOCATION: 1 

( D ) OTHER INFORMATION: /l8bcl=Modificd-siu; 

/ nour» "Thymine hcicrocyclc is attached to 
N-acctyl(2- aminjclhyl)glycinc through the N-acctyl 
group bi pavilion I of the hcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /lahcl=Modiflcd-siic 
/ note*" Adenine hcicrocyclc is attached lo 
N-aeciyl(2- amiiioethyl)giycinc ihrougb the N-acctyl 
group at position 9 of lie bctcrocyclc." 

FEATURE: 

( A ) NAME/KEY: Modilicd-silc 
( B ) LOCATION: 3 

( D } OTHER INFORMATION: /!abcl=Modificd-sitc 
/ noic="Guaninc bctcrocyclc is attached to 
N-acctyl(2- am inocihy I) glycine through (he N-ncciyl 
group at position 9 of" the hctcrocycte." 

( iO FEATURE: 

{ A ) NAME/KEY: ModiScd-silc 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /labcl=Modiflcd-sitc 
/ notc="Th>raine bcirrocyclc is attached to 
N*acciyl{2- arainoethyljglycinc through the N-acayl 
group at position 1 or the hcicrocyclc." 

fix) FEATURE: 

( A ) NAMfc7KEY: ModiBcd-site 
( B ) LOCATION: S 

( D ) OTHER INFORMATION: /tabCl=Modihcd silc 
/ notc=* Thymine bctcrocyclc is attached to 
N-accry(2- uninocthyl)glycinc ihrougb the N-acctyl 
group at position 1 of the bctcrocyclc," 

( t x ) FEATURE: 

( A ) NAME/KEY: ModiBcd-siic 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /labcl^Modiacd-site 
/ notc="Adcnino bctcrocyclc is attached to 
N-eeciyl(2- aininocthyljglyciiic through (be N-acctyl 
group at position 9 of the hcicrocyclc." 

( i x ) FEATURE: 

( A } NAME/KEY: Modibed-sitc 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /labcl*Modiflcd-iitc 
/ notc^Tbyniine hcicrocyclc is attached lo 
N-acctyl(2- aminocihyI)tlycinc through the N-acctyl 
group it position 1 of the hcicrocyclc," 



< i x ) FEATURE: 

( A ) NAME/KEY: ModiGed-sJte 
( B ) LOCATION: S 

( D ) OTHER INFORMATION: /labcl=>Modificd-xllc 
/ noie*"Cyuiinc hcicrocyclc is itucbcd to 
N-acctyl (2- aminocthyljglycinc through the N-scctyt 
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group bi pojiUon 1 of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-iilc 
{ D ) LOCATION: 9 

( D ) OTHER INFORMATION: /labcl^Modi (icd-sitc 
/ notc='"Tbyminc hctcrocyclc is niucbcd lo 
N-accty1(2- aminocihyl)g!ycinc through the N-icciyl 
group at position 1 of the hctcrocyclc." 

{ t i ) FEATURE: 

( A ) NAME/KEY: Modified- site 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: /labcUModificd-siu; 

/ nolc="Cyiosirc hctcrocyclc u attached to 
N-acciyl(2- iminocthyljglycinc through the N-icctyl 
group at position 1 of the bctcrocyclc." 

{ i x ) FEATURE: 

( A ) NAME/KEY: Modi£cd-sitc 
( B ) LOCATION: II 

( D ) OTHER INFORMATION: /UbcWModi fed- site 
/ notcs'Thytntnc bctcrocyclc is aluchcd to 
N-acctylf> iminocihyljglycinc through tic N- acetyl 
group at position 1 of the bc'xrocyclc." 

( i x ) FEATURE*. 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 12 

( D ) OTHER INFORMATION: /labcl»Modificd-sitc 
/ noic=" Adenine bcicrocyclc is atucbed to 
N-acciyl(2- iminocihyl)glycinc through lie Nicety] 
group at position 9 of the hctcrocyclc'' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 13 

( D ) OTHER INFORMATION: /labd-Modificd-sue 
/ noic='Thyminc hctcrocyclc is attached to 
N-aeciyl(2- iminocihyljglycinc through the N-icciyl 
group at position 1 of the bctcrocyclc," 

( i x ) FEATURE,* 

( A > NAME/KEY: Modificd-siic 
( B ) LOCATION: 14 

( D ) OTHER INFORMATION: /labcl-ModiBcd-siu: 
/ noK»"Cyiosia: bcicrocyclc u auicbat to 
N-icayl(2- uninocthyljglycinc through the N-scctyl 
group at position 1 of ihe bcicrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: IS 

( D ) OTHER INFORMATION: /labd=Modificd-six 
/ notconrhymiijc hctcrocyclc U attached to 
N-acctyI(2- aminocthyljgtycine through the N-acctyl 
group at position 1 of Ihe hctcrocyclc." 

SEQUENCE DESCRIPTION: SEQ ID NO:B: 

Xaa X a a X a a X a a X a a Xaa Xaa Xaa Xaa Xn X i a Xn Xaa Xaa Xaa 

1 5 10 is 



( 2 ) INFORMATION FOR SEQ ID NO* 

{ i ) SEQUENCE aURACTERlSnCS: 
( A~) LENGTH: 15 amino adds 
( B ) TYPE: amino add 
( C ) STRAND ED NESS: single 
{ D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE- 

( A ) NAME/KEY: Modificd-sitc 
( B } LOCATION: 1 

( D ) OTHER INFORMATION: /UbcbMcdificd-iite 
/ natc«'Tbynunc bcicrocyclc U attached to 
N-acctyl{2- arairocibytjglycinc through ihe N-icciyl 



5,539,082 

107 108 

-continued 



group it position 1 of the he icrc cycle" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /Ubcl=Modiucd-silc 
/ noic^Guaninc hctcrocyclc is attached to 
N-acctyl(2- amlnocihyljglyctiic through the N-scwyl 
group at position 9 of the hctcrocyclc" 



(ix) FEATURE; 

( A ) NAME/KEY: Modificd-siic 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /libcl=Modificd-silc 
/ noic*Thyminc bctcroeycle Is aiiachcd to 
N-acciyl{2- amlnocihyDglyctac througb the N-acctyl 
group u position t of the hctcrocyclc." 

{ i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( 3 ) LOCATION: 4 

( D ) OTHER INFORMATION: /labcWsModiticd-sitc 
/ notc»"Adcnxnc hctcrocyclc is attached to 
N-acctyl(2- crainocihyOglycuic through the N-acctyl 
group u position 9 of the hctcrocyclc." 

< i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( 3 ) LOCATION: 5 

( D ) OTHER INFORMATION: /labcl=Modificd-»tc 
/ note=**Cylosine bctcroeycle is auached to 
N-icciyl(2* aminoclhyOglycinc through the N-acctyl 
group u position 1 of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /labcJ»ModiGcd-sitc 
/ notc="Ouaninc hctcrocyclc is attached to 
N-&cciyl(2- aminoclhyOglycinc through ibe N-acciyi 
group at position 9 of the bctcroeycle." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( 3 ) LOCATION: 7 

( D ) OTHER INFORMATION: /labcUModiflcd-siic 
/ notc^'Thyminc hctcrocyclc is attached to 
N-acciyl(2- aminoclhyOglycinc through the N- acetyl 
group it position 1 of the hctcrocyclc. " 

{ i x ) FEATURE: 

( A ) NAME/KEY: Modificd-siic 
( 3 ) LOCATION: 8 

( D ) OTHER INFORMATION: /labd=Modificd.siic 
/ notc^Cyiostnc hctcrocyclc is attached to 
N-*cayl{2- arninocthyOglycinc througb the N> acetyl 
group at position 1 of the hctcrocyclc" 

( 1 x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 9 

( O ) OTHER INFORMATION: /labcbOtobticd-lilc 
/ note ""Adenine hcicrocyclc is attached to 
N-tectyl(2- amlnocthyl}glycinc through the N-acctyl 
group ai position 9 of the hctcrocyclc" 

{ i x ) FEATURE: 

( A ) NAME/KEY: Modified a ic 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: flabd=Moditicd-sitc 
/ nolc^Cyiosinc hctcrocyclc is attached to 
N-acayl(2* aminocihyl)glycinc througb the N-acctyl 
group ti position I of the hctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-silc 
( 3 ) LOCATION: 1 1 

( D ) OTHER INFORMATION: /labcI=Modificd-litc 
/ note" Adenine bctcncyclc is attached to 
N-scayl(2- aminoclhyOglycinc through the N -acetyl 
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group at position 9 of the hctcrocycic." 

( i x ) FEATURE: 

( A )' NAME/KEY: Modificd-ritc 
( B ) LOCATION: 12 

( D ) OTHER INFORMATION: /labtl=Modificd-siic 
/ noic="Adcninc hctcrocycic is otuchcd la 
N-acctyl{2- araiitocihy 11 glycine through the N-acciyl 
group at position 9 of the hctcrocycic 

( i a ) FEATURE: 

( A ) NAME/KEY: ModiGcd-silc 
( B ) LOCATION: 13 

( D ) OTHER INFORMATION: /labcl=Modiiicd-jiU: 
/ notc-"Cytosinc hctcrocycic ii atuched io 
N-acayl(2- untnocibyljglycinc through the N-tcctyl 
group u position 1 of the hctcrocycic." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 14 

( D ) OTHER INFORMATION: /ltbcl=Moaificd-rilc 
/ no tc^ 1 Thymine hclcnxych; u attached to 
N-acctyl(2- tmmocihyljglycinc through the N-icciyl 
group at position 1 of the hctcrocycic." 

( i x ) FEATURE* 

( A ) NAME/KEY: Modi/icd-flU: 
( 8 ) LOCATION: 15 

( D ) OTHER INFORMATION: /]abcl*Modificd-jitc 
/ nolc="Adcninc hctcrocycic U attached to 
N-arayl(2- rainocthyljglycinc through tbc N-acciyl 
group at position 9 of the hctcrocycic" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:* 

Xaa Xaa Xaa Xu Xia Xil Xia Xaa X>> Xaa Xaa Xaa Xti Xaa Xii 

1 5 |0 15 



{ 2 ) INFORMATION FOR SEQ ID NO: 10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 amino acida 
( B ) TYPE: amino acid 
( C ) STRANDED NESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd siic 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /labcl=Modificd-iiu: 
/ notc"**GuiniQc hctcrocycic is attached to 
N-acctyl(2* amtnocthyljglycinc through the N-acciyl 
group at position 9 of the bcxrocycJc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modlfed-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /labch*Mouificd-ji* 
/ notc^Cyiosinc hctcrocycic u atuched to 
N- acetyl (2- aminocihyOglycinc through the Nacctyl 
group at position 1 of the bocrocycJc." 

( i x ) FEATURE: 

( A ) NAME/KEY! Modificd-sitc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /Ubc^Mcditcd-iix 
/ riott= M Adcninc hctcrocycic is attached to 
N-acayt(2- aminocthyi)gJycinc through the N -acetyl 
group at position 9 of the hc'xmcyclc** 

( i x ) FEATURE: 

( A ) NAME/KEY: ModiEcd-sitc 
( B ) LOCATION: * 

( D ) OTHER INFORMATION: /Ubcl=ModiGcd-xix 
/ notc>"Cyu>sinc hctcrocycic is atuched to 
N-acctyl(2- tininocihyljglycinc through the N-icctyl 
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group u poiiiion 1 of the hcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-nlc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /labcl^ModiOcd-silc 
/ noic»" Adenine hcieiDCyctc is attached 10 
N-ncc(y](2- aminocihyDglycinc thruugh LUc N -acetyl 
group ai poiiiion 9 of ihc hcicrocyclc" 

{ i x ) FEATURE: 

( A ) NAME/KEY: Modilicd-rilc 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /labcl=Modificd-sil£ 
/ noic»**Guiuunc bcicrocyclc is aiuchcd 10 
N-&cciyI(2* aminoahyOglycinc through ihc N -acetyl 
group at poiiiion y of ihc hcicrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-tiic 
( B ) LOCATION: 7 

{ D ) OTHER INFORMATION: /labcl=Modiflcd-sil£ 
/ notc="Cyiosinc hcicrocyclc u attached to 
N-8cciyl(2- amuiocihyDglycinc ihroujh the N -acetyl 
group ai poiiuon I of ibe bctcrocyclc." 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modificd siie 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: nabcI=ModiHcd-siie 
/ notc="Cytosinc hcicrocyclc is attached 10 
N-acciyl(2- aminocthyljglycinc Uuough lie N-acctyl 
group al position 1 of ihc bctcrocyclc" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Xaa Xaa Xn Xu Xaa Xaa Xaa Xai Lys 

1 5 



( 2 ) INFORMATION FOR SEQ ID N0:11: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( I x ) FEATURE: 

( A ) NAME/KEY: Modificd-siic 
( B ) LOCATION: 1 

{ D ) OTHER INFORMATION: /labcI=Moditicd-siu: 
/ ncMc^Thyminc hcicrocyclc U notched to 
N-acctyl(2- iminocthyljglycinc through the N-acciyl 
groap u posilion 1 of the hcicrocyclc." 

< I x ) FEATURE: 

( A ) NAME/KEY: Modificd-rite 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /libcI=ModiQcd-ritr 
/ notcVThymtnc bctcrocyclc is eiiicbcd to 
N-acctyl(2- iminoahyl) glycine ihnnigh ihc N-acctyl 
group u position 1 of ihc bcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-siic 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /IabcI=Modi&cd-siir 
/ no ic^ Thymine hcicrocyclc is ouaebed lo 
N-aoclyl(2- iminocihyDglydnc through ihc N-icciyl 
group ai position 1 of the bcicrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificddlc 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /labcJ=ModiBcd-rilc 
/ noic'Thyminc bctcrocyclc is aiuchcd 10 
N-acclyI(2- aminocihyl) glycine through ihc N-tcciyl 
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group u position I of the hctcrocycic.*' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
(B) LOCATION: 5 

( D ) OTHER INFORMATION: /libc^Modifol-si'r 
/ notc="CytOiinc hcicrocycle U attached to 
N-acciyl(2- iiruinocthyOtflycinc through ibe N-acctyl 
group at posilion I of tic hctcrocyclc " 



( i a ) FEATURE: 

( A ) .V A ME/KEY: Modificd-sitc 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /Ubcl=Moditicd-iitc 
/ nolc-Thyminc hctcrocyclc is attached to 
N-acayl{2- aminocihyORlycinc through the N-acctyl 
group it position l of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION; 7 

( D ; OTHER INFORMATION: /]abcl=sModificd-silc 
/ notc-Tbymtnc hctcrocyclc is attached lu 
N-acctyl{2- arainocthyf) glycine through the N-acclyl 
group at position 1 of the ncicrocyclc." 

( i x } FEATURE: 

( A ) NAME/KEY Modificd-sitc 
( B ) LOCATION: S 

( D ) OTHER INFORMATION: /labcbModificd-silc 
/ Dote**"Thyminc hctcrocyclc U iiucbcd to 
N-acctyl(2- amujocibyljglycuic through the N-acctyi 
group si position 1 of the betcroeyclo." 

( i x ) FEATURE: 

( A ) NAME/KEY: Mocificd-siic 
( B ) LOCATION: 9 

( D } OTHER INFORMATION: /labcl=Modificd-silc 
/ notc~Tbyrainc hctcrocyclc is attached to 
N-8cciyl(2- ami nocthy I) glycine through the N-acctyl 
group at posilion 1 of the hctcrocyclc." 

( * i ) SEQUENCE DESCRIPTION: SEQ ID NO:l I: 

X a a Xu X a a X a * X a i Xu X a a X a a X a a 

1 5 



( 2 ) INFORMATION FOR SEQ ID NO: 12: 

( i ) SEQUENCE CHARACTERISTICS: 
[ A ) LENGTH: 16 amino acids 
( B ) TYPE: amino acid 
( C } STRANDEDNE5S: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

{ A ) NAME/KEY: Mouificd-siut 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /labcfcModificd-site 
/ ootc^Tfayminc betcroeyclo Is attached to 
N-aeetyl(2- aminocihyl)glycinc through the N-acctyl 
group at posilion 1 of the hctcrocyclc," 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: t 

( D ) OTHER INFORMATION: /Isbc^ModiGcd-site 
/ notc-'Tfayininc nctcrocydc is attached to 
N-acctyl(2- amioocthyDgryctnc through the N-acctyl 
group at position 1 of the bctcroeycJe." 

< i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 3 

{ D ) OTHER INFORMATION: /labcJ=Modificd-siu: 
/ notcVTbyminc hetcrocyclc is attached to 
N-«cciyl(2- aminocihyQglyciic through the N-acctyl 
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group at position 1 of ihc bctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-siic 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /labcI=Modificd-silc 
/ noir='Tbytninc hcicrocyclc is attached 10 
N-acctyl(2- aminocthy I) glycine through ihc N-acclyl 
group bi posiuon 1 of ihc hcicrocyclc." 



(ii] FEATURE: 

( A ) NAME/KEY: Modiftcd-sitc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /labd=Mwlificd-siic 
/ noics'Thyminc hcicrocyclc is attached to 
N- acetyl (2- aminocihyl) glycine through ihc N-acctyl 
poup at position I of ihc hcicrocyclc," 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-siic 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /labcl=MoQjficd-siu: 
/ wnr='*Tbyminc bctcrocyclc is attached to 
N-acctyl(2- ami nocihyl) glycine through ihc N-accty) 
group at position 1 of the hcicrocyclc." 

(is) FEATURE: 

( A ) NAME/KEY; Modiflcd-site 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /]abcl=Modificd-siU: 
/ notc=*Thyminc hcicrocyclc is attached lo 
N-occlyl(2- aimnoclhyljglycinc ihrougb the N-acctyl 
group at posiuon 1 of ihc bctcrocyclc" 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modificd-siic 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: /labcJ*Modiucd-3iie 
/ notcsThyoiinc bctcrocyclc is attached to 
N-acctyl(2- aminocihyl)glycine through ihc N-acctyl 
group at position 1 of the bctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-slic 
( B ) LOCATION; 9 

( D ) OTHER INFORMATION: /]abcl=Modificd-sil£ 
/ rioic^ Thymine hcicrocyclc is attached to 
N acetyl (2- aminocthyl) glycine ihrougb the N-acctyl 
group at position 1 of the hcicrocyclc" 

( I x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-siic 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: /JabcfeModiOed-slu: 
/ not£s"Cyt0xtnc hcicrocyclc is attached la 
N-aeciyl(2- mninocihyl) glycine through the N-acciyl 
group ai position 1 of ihc hcicrocyclc" 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modified- if ic 
{ B ) LOCATION: 11 

( D ) OTHER INFORMATION: /labcl»Modificd-silc 
/ noic=~Cyiosinc bctcrocyclc is attached io 
N-acciyl(2- amiaocthyl)glyeinc ihrougb the N-accty) 
group at posiiion I of ihc hcicrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-iiic 
( B ) LOCATION: 12 

( D ) OTHER INFORMATION: /labcl=Modificd-silc 
/ nou^Cyiosnc hcicrocyclc is attached 10 
N-accty 1(2- &ininocthyl)g]ycinc through the N-acctyl 
group at posiuon 1 of the hcicrocyclc'* 

( i x ) FEATURE: 

( A ) NAME/KEY: Modlflcd-Siic 
( B ) LOCATION: 13 

( D ) OTHER INFORMATION: flabd=Mo(ttQcd-siic 
/ noi£*"Cytosioc hcicrocyclc is attached lo 
N-aociy](2- aoanocuiyljglycinc through the N-acctyl 
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group u position I or the hcierocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Motfificd-iiic 
( B ) LOCATION: 14 

( D ) OTHER INFORMATION: /UbcJ=Modificd-siu: 
/ roic«**Cyiosinc hctcrocyclc u attached to 
N-a2Ciyl(2* aminoclhy!)glyeinc through the N-aeciyl 
group at poiilion 1 of ibe hacrocydc." 

( i x } FEATURE: 

( A ) NAME/KEY: ModiGcd-six 
( B ) LOCATION: 15 

( D X OTHER INFORMATION: /labcl=ModiScd-sil£ 
/ natc="Cytosinc bctcrocyclc is attached to 
N-axlyl(2- aminoctbyl) glycine through the N-acctyl 
group at poiilion 1 of the hctcroeydc," 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifcd-jitc 
( B ) LOCATION: 16 

( D ) OTHER INFORMATION: /labcl-Modificd-aic 
/ notc^'Cyuisisc hctcrocyclc Is attached to 
N -acetyl (2- aminocthyl/glycinc through the N-acctyl 
group at position 1 or the hcierocyclc** 

( * i ) SEQUENCE DESCRIPTION: SEQ tt> NO:I2: 

Xaa Xaa Xti Xu Xaa Xaa Xu Xaa Xaa Xaa Xu Xn Xaa Xn Xaa 

1 5 10 is 

( 2 ) INFORMATION FOR SEQ ID NO:I3: - 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 unuio acids 
( B ) TYPE: amino icid 
( C ) STRAND EDNESS: single 
{ D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

(tx) FEATURE: 

( A ) NAME/KEY: Modlucd-siic 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /hbd*Motf ficd-sitc 
/ noic="Cyio5inc bctcrocyclc U atucbed to 
N-acctyl(2- uninocihyi)glycinc through the N-acciyl 
group at position 1 of the bctcrocyclc." 

(in) FEATURE: 

( A ) NAME/KEY: Modi&d-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /Iibcl-Modificd-jitc 
/ noic-'Cytosiic bctcrocyclc u atucbed to 
N-acctyl(2> aminoclhyl)glyciQC through the N-acctyl 
group at position I of the bctcroeydc." 

( i x ) FEATURE: 

( A ) NAME/KEY: ModiOcd-sitc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /labcUModificd-ritc 
/ notc-="Cytojinc tctcrocyclc is ituchcd la 
N-imyl(2- aniinocthyl)glycioc through the N-acctyl 
group at position 1 of the bctcrocyclc." 

{ i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /label-Modi ficd-sitc 
/ noic="Cytuiinc cctcrucyclc is attached U> 
N-acctyl(2- aininoclhyOglycinc through the N-acctyl 
group al position I of the hctcrocyclc" 

{ I x ) FEATURE: 

( A ) NAME/KEY: Modi&d-sitc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /labcl-ModiGcd-sitc 
/ noic=**Cyiosme hctcrocyclc is attached to 
N-acctyl(2- aroinocthyOglycinc through the N-acctyl 
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group u position 1 of the bcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modi5cd-sitc 
{ B J LOCATION: 6 

( D J OTHER INFORMATION: /Ubcl=Modificd-sitc 
/ noics*Cyioiinc hctcrocycle is iitachcd lo 
N-acciyl(2- arainoctbyljglyciric through ihc N-asciyl 
group at position ] of lie hctcrocycle." 



( i x ) FEATURE: 

( A ) NAME/KEY: Modilicd-silc 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /labd=Modificd-siic 
/ noteVCyiorinc bcicrocyclc Ls attached to 
N-acciyl(2- aminocthyl) glycine through the N-acctyl 
'group ai position 1 of the bcicrocyclc" 

< i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: /labcIsMndificd-rite 
/ noUr-'Tbyminc bcxrocyclc is titncbcd to 
N- acetyl (2- areinucihyl)glycinc through ihc N-acctyl 
group at position 1 of the hcierocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /! a bet = Modified- si Ic 
/ notc=*Tbynitn; bcicrocyclc is attached to 
N-acciyl{2- aminocthyl) glycine through the N-acciyi 
group n position 1 of the bcicrocyclc." 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: /libcI=Mouiucd-silc 
/ noie=Thyrninc bcicrocyclc is Hitched to 
N-icctyl{2- aroinocihyl)glycuic through the N-acctyl 
group tl position 1 of the bctcrocyclc" 

(in) FEATURE: 

( A ) NAME/KEY! Modificd-sUe 
( B ) LOCATION: tl 

( O } OTHER INFORMATION: /Itbcl^Modincd-site 
/ noic»"Tbymiric bctcrocyclc u attached lo 
N-icciyl{2- aminowhyOglycinc through the N-acctyl 
group it position 1 of the hctcrocycle." 

fix) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B } LOCATION: 12 

( D ) OTHER INFORMATION: /label =Mndificd-site 
/ nolc-Tbyrninc hctcrocyclo is attached lo 
N-icctyl{2- BioinucibyOglycutc through ihc N-acctyl 
group at position I of the bcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 13 

( D ) OTHER INFORMATION: /libel = Modified- site 
/ noteVTbymtne bcicrocyclc is attached to 
N-icctyl(2- aminocthyl) glycine Ihrougb ihc N-acctyl 
group at position L of the hctcrocycle.'* 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 14 

( D ) OTHER INFORMATION: /labct»Modiflcd-siic 
/ no ic^ Thymine hctcrocycle is attached to 
N-acctyl(2- aminoeihyl)glycinc ihrougb the N-acctyl 
group u position I of the hctcrocycle." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 15 

( D ) OTHER INFORMATION: /libel* Modi ftcd-slie 
/ noic**Thyraine hctcrocycle is attached to 
N-acctyl(2- aramuclhyljglycinc through the N-acctyl 
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group at ptwilion I of the hcicrocyclc." 

( i x J FEATURE: 

( A ) NAME/ KEY: Modificd-sitc 
( B ) LOCATION: 16 

( D ) OTHER INFORMATION: flabcl=Modificd-sitc 
/ notcs'Tbyminc hctcrccyclc is attached lo 
N-aecty](2- aminocUiylJglycinc through the N-»eciyl 
group a: position 1 of the bctcrocyclc." 

(«i ) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

Xaa Xaa Xn Xaa Xu Xii Xaa Xn Xai Xaa Xa» Xu Xaa Xaa Xaa Xaa 

1 5 10. ,j 



( 2 ) INFORMATION FOR SEQ ID NO:U: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 amino acids 
( B ) TYPE: amino acid 
( C ) STRAND ED NESS: single 
( D )iTOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /labcl-Modificd-sitc 
/ nytc="Cytusins hctcro cycle is attached in 
N-accty](2- ira!nocLbyl)glycijic through lie N-acciyl 
group at position 1 of the bctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( 8 ) LOCATION: 2 

( D ) OTHER INFORMATION: /labd»Modificd-ji\c 
/ noic="Cytosinc bctcrocyclc is a inched id 
N-acctylf2- aminocihyl)glycinc through lie N-acctyl 
group at posilios I of the heterocyclic" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /labcUModificd-siic 
/ notC3'Tb)ininc bctcrocyclc is attached to 
N-acayl(2- aminocthyt)glyciDc through the N -acetyl 
group at posiiioa 1 of the bctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION; 4 

( D ) OTHER INFORMATION: /labcUModificd-ritt: 
/ notc="Cyt0iinc hcicrocyctc is a inched to 
N-acctyl(2- aminoclhyl)gtycinc throagh the N-acctyl 
group al posiiioa 1 of the bctcrocyclc' 1 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiffcd-siu: 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /labcfcModifsd site 
/ notc^Cyiosinc bctcrocyclc is attached to 
N-acctyl{2- aminoeihyljglyciric through the N- acetyl 
group at position 1 of the bctcrocyclc," 

( i x ) FEATURE: 

( A ) NAME/KEY. Modificd-sitc 
( B ) LOCATION: 6 

( D } OTHER INFORMATION: /label-Modified, site 
/ notcVTbyrainc bctcrocyclc is attached to 
N-acctyl(2- aminoctbyljgrycinc through the N-acctyl 
group al position 1 of the bctcrocyclc." 

( i x ) FEATURE- 

{ A ) NAME/KEY: Modifed-sitc 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /labcl-Modificd-atc 
/ ncrtc**Tbyrainc bctcrocyclc is attached to 
N-acctyK2- aminocthyUgrycinc through the N-acctyl 
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group u position 1 of lie hcicrocyclc.'* 

{ i x ) FEATURE: 

( A ) NAME/KEY: Mcdi6cd-utc 
{ B ) LOCATION: 8 

( D ) OTHER INFORMATION: /tabcl=Modificd-sit£ 
/ notc»'*Cyiosinc hcicrocyclc is attached to 
N-acciyl(2- aminocihyOjlycinc through lie N-acayl 
group at position 1 of lie hcicrocyclc" 



( A ) NAME/KEY: Modificd-jitc 
( B ) LOCATION: 9 

(-D ) OTHER INFORMATION: /I abcl=Modi(icd-sit£ 
/ noi£3"Cyio]ine hetcrocyclc is attached to 
N-aeciylC2- amlnocthyljglycinc through the N-acctyl 
poup at position 1 of the hetcrocyclc." 

{it) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
C B ) LOCATION: 10 

( 0 ) OTHER INFORMATION: /labclsModiflcd-silc 
/ notc="Cytojinc hcicrocyclc is attached to 
N- acetyl (2- aminocihyljtlycinc through the N-acctyl 
group si position 1 of lie hcicrocyclc." 

( ' i ) SEQUENCE DESCRIPTION: SEQ ID NO: U: 

Xaa Xu Xat Xn Xn Xaa Xaa Xu Xaa Xai 

1 5 10 



( 2 ) INFORMATION FOR SEQ ID NO:15: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 amino acids 
( B ) TYPE amino acid 
( C ) STRANDED NESS: linglc 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifted-sitc 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /labcl»Modiacd-sile 
/ nolc-**"Tb.yminc hcicrocyclc is attached to 
N-acclylO arainoctbyOgryciiic through the N-acctyt 
group at position 1 of the hetcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /labcUModificd-ritc 
/ rwlc= Thymine hcicrocyclc is attached to 
N-acctyl (2- araronahyljglycuic through the N-acctyt 
group at position 1 of the hcicrocyclc," 

( i x ) FEATURE: 

( A ) NAME/KEY Modified siti: 
.(B) LOCATION: 3 
( D } OTHER INFORMATION: /label*Modificd-sitc 
/ e oic^Cyio Bnc hcicrocyclc is attached to 
N-acctyl(2- aminocthyl)glyciBC through the N-acctyl 
group at posiiioa 1 of too hetcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( 3 ) LOCATION: 4 

( D ) OTHER INFORMATION: /I ahcl= Modificd-sitc 
/ note ^Thymine hetcrocyclc is attached to 
N-acayl (2- sminocihyUglyctnc inroagb the N-acctyl 
group at position 1 of the hetcrocyclc." 

( i x ) FEATURE, 

( A ) NAME/KEY: Modinod-stle 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /labclaModificd-iite 
/ notc*"Cyiasinc hetcrocyclc is attached to 
N-acctyl(2- aroinocihyt)glycloc through the N-acctyl 
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group at poiiLion 1 of ihc bcurrocycle." 

( i x) FEATURE: 

( A ) NAME/KEY: ModiHcd-iilc 
( D ) LOCATION; 6 

( D ) OTHER INFORMATION: /labcUModiSed-siir 
/ noic-'Tbyminc hctcrocyclc is attached W 
N-acciyl(2- aininncihyl)glyeinc through the N-atclyl 
group at posi-ion 1 of ihc bcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifiod-sitc 
{ B ) LOCATION: 7 

( D ) OTHER INFORMATION: /labcUModificd-silc 
/ noiC3«"Cyi03inc hctciocyclc u attached to 
N-acctyK2- amlrocihyljglycinc through the N-acctyl 
group at position 1 of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifled-sitc 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: flibcl^Modi6cd-suc 
/ noic="Thyminc hctcrocyclc is attached to 
N-aectyl(2- aminocthyUgtycinc through the N-tcciyl 
group at position 1 of the hctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /hbcl=Modi6cd-ji(c 
/ noic*"Cytosirc bcicrocyclc is attached to 
N-»eciyl(2- aminocOiyl)glycine through the N-tcctyl 
group at position 1 of the hctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiffcd-sitc 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: /hbcl»Modificd-iitc 
/ no tc= "Thymine hctcrocyclc is attached to 
N-acciyl(2- aminocihyljgtycinc through the N-acctyl 
group at position 1 of the bcicrocyclc" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:15: 

X a a X a a Xu Xaa X a a Xaa Xaa X a a X a a X a a 

1 5 JO 



( 2 ) INFORMATION FOR SEQ ID NO: 1 6: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: IS amino tads 
( 3 ) TYPE: amino acid 
( C ) STRA NDEDNESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: ModiGcd-sitc 
( B ) LOCATION: 1 

{ D ) OTHER INFORMATION: /labcb*Modi£ed-iitc 
/ nota»*Tbymirc hctcrocyclc is auicbcd to 
N-acciylO amtnocthyOglycinc through the N-acciyl 
group at position 1 of the hctcrocyclc." 

(ix) FEATURE: 

( A ) NAME/KEY: Modi8ed-siic 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /UbcfetModifed-silc 
~" f noic^Thyrainc bctcrocycic is attached to 

N-acctyl(2- rainoethyl) glycine through the N-acctyl 
group at position 1 of the bcicrocyclc." 

( I x ) FEATURE: 

( A } NAME/KEY: Modified-sitc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /labcl=Modifiod-«itc 
/ notc-Thyniinc hctcrocyclc is attached to 
N-acciyI(2. am inocihyl) glycine through the N-acctyl 
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group at position 1 or the hctcrocyelc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified^ 
( B ) LOCATION: 4 

{ D ) OTHER INFORMATION: /labcWModiGcd-silc 
/ nour^ Thymine hcicrocyclc is attached to 
N-accty)(2- aminocthyl) glycine through the N-acctyl 
group at position 1 of the bctcmayclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified- file 
( B ) LOCATION: 5 

( D.) OTHER INFORMATION: /3abcJ=Modi&cd-iiic 
/ notcB"Tbyminc hcicrocyclc is attached to 
N-acctyl (2* aminocthyl) glycine through the N-acciyl 
group at position ] of the hcterocycle." 



(Ixj FEATURE: 

( A ) NAME/KEY: ModiGcd-silc 
( D ) LOCATION: 6 

( D ) OTHER INFORMATION: /labcl=Modiflcd-sil£ 
/ nctc*Xyiosinc hctcrocyelc is attached tc 
N-acctyl(2- aminocthyl) glycine through the N-acctyl 
group at poiiiion 1 of the hcicrocyclc." 



(ixj FEATURE: 

{ A ) NAME/KEY: Modificd-siu 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: rtabcJ=Madificd-silc 
/ ncu?^ Thymine hcicrocyclc is attached to 
N-acciylO- arainocihyl) glycine through the N-acctyl 
{roup at position 1 of the hcicrocyclc." 

(lx) FEATURE: 

( A ) NAME/KEY: ModiAcd-siur 
( B ) LOCATION: S 

( D ) OTHER INFORMATION: /labcJ=ModiHcd-Blc 
/ nrtcVCyiojinc hcicrocyclc is attached to 
N*acciy)(2* aminonhyDflycinc ihrouKb the N-acctyl 
group it position 1 of the hcicrocyclc." 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-iite 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /labct=ModiBcd-sil£ 
/ notc3* Thymine hcicrocyclc 'a attached to 
N-acctyl (2- aminocthyl) glycine through the N-acctyl 
group at position 1 of the hcicrocyclc," 

(i x) FEATURE: 

( A ) NAME/KEYS Modibcd-iiic 
{ D ) LOCATION: 10 

( D ) OTHER INFORMATION: /labcfcMndilfcd-siU: 
/ nolcVYTyUuinc hcicroeyclc is attached to 
N-«xiyt(2- ajmnoctityOglycinc through the N-acctyl 
group ol position 1 of the hcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: ModificcViiic 
{ B ) LOCATION: 11 

( D ) OTHER INFORMATION: /labCfsMndiffcd-siu: 
/ note^Tbymino hcicrocyclc is clutched to 
N-acciyi(2- annnocUiyOglycinc through the N-tcciyl 
group u position 1 of the hcicrocyclc." 



( i x ) FEATURE: 

( A ) NAME/KEY: Modtfktd-*itc 
( B ) LOCATION: 12 

( O ) OTHER INFORMATION: /libcNModiricd-silc 
/ notes** XT yloainc hcicrocyclc is attached to 
N-accryl(2- aminocihyl)glycinc thiough the N-acctyl 
group at poiiiion 1 of the hcicrocyclc." 



( i x ) FEATURE: 

( A ) NAME/KEY: Modfificd-silc 
{ D ) LOCATION; 13 

{ D ) OTHER INFORMATION: /libct=Modiued-siti 
/ noic^ Thymine bctcrocyclc is attached to 
N-acciylC- aniinucihyl)glycihc through the N-acctyl 
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group at position 1 of (be hctcrocyclc." 

{ i x ) FEATURE: 

( A ) NAME/KEY: Mudificd-jilc 
( B ) LOCATION: 14 

( D ) OTHER INFORMATION; /labcUMcdificd-siie 
/ noir="Cywsinc hctcrocyclc u attached to 
N-acctyl(2- aminociiyl)glycint through lie N-icciyl 
group at position ) of the hctcrocyclc.'" 

( i x ) FEATURE: 

( A J NAME/KEY: ModMcd-Mic 
( B ) LOCATION: IS 

( D ) OTHER INFORMATION: flabcl=Motfifcd-ii(£ 
/ note^Thyminc hcicrocyclc it aiucbcd lo 
N-icay(2- nmino«hyl)jlycinc through the N-acctyl 
group at position \ of the hctcrocyclc" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:Ifi: 

Xaa Xn Xaa Xaa Xn Xaa Xti Xaa X a a Xu Xaa Xaa Xn Xti Xaa 

I 5 10. 15 



( 2 ) INFORMATION FOR SEQ ID NOrl7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDED NES S : tingle 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE; peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: Mndificd-sitc 
( B ) LOCATION: I 

( D ) OTHER INFORMATION: /labcl=Modiftcd-iii£ 
/ notc=s H Cytosmc factcrocyclc is atucbed U> 
N-acctyl(2- aminocihyljglyciiic through ibe N-acciyl 
group at position 1 of the hcicrocyclc,'* 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-iitc 
( B ) LOCATION: 1 

{ D ) OTHER INFORMATION: Mutt/id- site 
/ n«C3"*Cytosinc hocrocycie is linefeed to 
N-acayI{2- aroinoctbyl)g]ycinc through the N-acctyl 
group at poaiiun 1 of the hctcrocyclc." 

(in) FEATURE: 

( A ) NAME/KEY: ModlOcd-siic 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /1ibcl=Modificd-silc 
/ noic*Xyiosinc hctcrocyclc a attached to 
N-acwyl(2- aminocthyljglydac through the N-acciyl 
group at position 1 of the bctcrocyclc" 

(ii) FEATURE: 

( A ) NAME/KEY: Modificd-siic 
{ B J LOCATION: A 

( D ) OTHER INFORMATION: /labcl=Modificd-Jtiic 
/ nac="CjiDsinc hclcro cycle is attached to 
N-aoctyl{2- aminocthyl)$]ycinc through the N-acciyl 
group at position 1 of the hcicu cycle." 

( i x ) FEATURE: 

( A ) NAME/KE* Modiftc4*iU: 
( B ) LOCATION: 5 

( D } OTHER INFORMATION: /labcl^Modiffcd-siu: 
/ notc="Cyioiinc hctcrocyclc is attached to 
N-acctyl(2- &minocthyl)glycinc through the N-acciyi 
group ai pasiLiun I of the betcTOcydc," 

( i x ) FEATURE: 

{ A ) NAME/KEY: ModJOcd-silc 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /labcfeModiflcd-siie 
/ notes" Adenine hctcrocyclc is atucbed to 
Nacciyl(2- aminocthyOjlycinc through the N-acctyl 
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group al position 9 of lie heicTocyele." 

{ i x ) FEATURE: 

{ A ) NAMEflCEY: Modificd-silc 
( B ) LOCATION: 7 

{ D ) OTHER INFORMATION: /labd=Modiflcd-sit£ 
/ BOic="Cyioiinc hcicrocycic is attached lo 
N-acciyl(2- aminocthyJJglycinc through ihc N-a«iyl 
group ai position I of lie hcicrocycic." 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-silc 
( B ) LOCATION: 8 

( 0 ) OTHER INFORMATION: /labclsModificd-sHc 
/ Dolc="Cytoainc hcicrocycic is attached io 
N-acayl(2- aminocihyOslycinc through the N-acctyl 
group al position I of the hcicrocycic." 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-tiic 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /labcl^Mndiflcd-sitc 
/ notcV'Adcninc hcicrocycic is attached to 
N-acctyl(2- aminocthyl) glycine thruugb the N-acctyl 
group at position 9 of the hcicrocycic." 

(ix) FEATURE: 

{ A ) NAME/KEY: Modificd-silc 
{ D ) LOCATION; 10 

( D ) OTHER INFORMATION: /labcfcModiltcd-sitc 
/ notcVCytojinc hcicrocycic is attached to 
N-acciyl(2- aminocihyI)glycinc through the N-acctyl 
group at position 1 or lie hcicrocycic." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-silc 
< B ) LOCATION: II 

( D ) OTHER INFORMATION: /labcl=Modiffcd-siic 
/ nolc'Thytninc hcicrocycic is lunched to 
N-acctyl{2* aroinucibyl)g]yc£nc through the N-acctyl 
group al position I of the hcicrocycic" 

( i x i FEATURE; 

( A ) NAME/KEY: Modincd-silc 
( B ) LOCATION; 12 

( D ) OTHER INFORMATION: /IabcI=Modificd-sitc 
/ aotcs'Tbyminc hcicrocycic is attached to 
N-acciyl(2- aminocthyl) glycine through the N-acctyl 
group U position 1 of the hcicrocycic." 

( i x ) FEATURE; 

( A ) NAME/KEY: Mcdificd-suc 
( B } LOCATION: 13 

( D ] OTHER INFORMATION: /labcl=Modifcd-<dlc 
/ noUr»"CyU)iinc hcicrocycic is attached lo 
N-acctyl{2- aminocihyl)glycinc through the N-acclyt 
group at position 1 of the hcicrocycic," 

{ i x ) FEATURE; 

( A } NAME/KEY: Modificd-sitc 
( B ) LOCATION: 14 

( D ) OTHER INFORMATION: /label-Modi flcd-siic 
/ nol£r=**Cyioiinc bclcrocyclc is attached to 
N-acdyl(2- BminocihyOglycinc through the N-acctyl 
group al position 1 of the hcicrocycic," 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B } LOCATION: 15 

( D ) OTHER INFORMATION: /labcI^Modificd-sHc 
/ notcVCyiocinc hcicrocycic u attached to 
N-acclyl{2* aminocthyl) glycine through the N-acctyl 
group al position I of the hderocyclc." 

( i x ) FEATURE: 

( A } NAME/KEY: Modibcd-sitc 
( B ) LOCATION: 16 

( D ) OTHER INFORMATION: /labcl=Modiflcd-siic 
/ notcVCyiocinc hcicrocycic it atucbed to 
N-acciyl(2- aminocthyl)glycinc ihrougb ihc N-acciyl 
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group ti position I oi' the hcicrocyclc." 

[ ix) FEATURE: 

( A ) NAME/KEY: ModiGcd-sitc 
( Q ) LOCATION: 17 

( D ) OTHER INFORMATION: /]»bcl*Mcdificd-iitc 
/ noic'Thyminc hcicrocyclc » M tithed io 
N- acetyl (2- aminocthyOglycinc through the N-acciyt 
group it position 1 of thr hcicrocyclc." 

fix) FEATURE: 

( A ) NAME/KEY: Modified-sile 
( B ) LOCATION: 18 

( D ) OTHER INFORMATION: /labcl*Modificd-sitc 
/ note* M Cylosiiic bcicroeycic is itucbcd to 
N-acctyl(2- aminocihyDglydnc through the N -acetyl 
group ti position I of the hcicrocyclc" 

( t x ) FEATURE: 

( A ) NAME/KEY: ModiGcd-sitc 
( B ) LOCATION: 19 

( D ) OTHER INFORMATION: /labd=ModiEcd-silc 
/ notc=Thyminc bcurocyclc is attached to 
N-acclyl(2- smmocthyl}glycinc through the N-acclyl 
group at posiuon I of the hcicrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-sile 
( B ) LOCATION: 20 

{ D ; OTHER INFORMATION: /labcl=Modifxd iitc 
/ note="Cyloiinc hcicrocyclc is attached to 
N-tcciyl(2. aminoclhyljglycinc through the N-acclyl 
group at position I of the hetcrocyclc" 

( x i > SEQUENCE DESCRIPTION: SEQ ID NO:I7: 

Xaa X a l Xaa Xn Xaa Xaa X«i Xn Xn Xaa Xia Xti Xaa Xaa Xia Xaa 

1 5 10 15 

Xaa Xai Xaa Xaa Lys Lys Lyi Lys Lys Lys Lys Lys Lys 
2 0 2 5 



{ 2 ) INFORMATION FOR SEQ 03 NO: 18: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH 21 amino acids 
( B ) TYPE: amino acid 
( C ) STRAND ED NESS: single 
( D ) TOPOLOOY: unknown 



( i i } MOLECULE TYPE: peptide 



( i x ) FEATURE: 

( A } NAME/KEY: Modified-sitc 
( B ) LOCATION: I 

( D } OTHER INFORMATION: /labcl-Modificd-sitc 
/ notc^Cyioiinc hcicrocyclc is attached to 
N-acciyl(2- aminoctfayUglycinc through the N-acetyl 
group ai posiuon I of the hetcrocyclc." 



( i x } FEATURE: 

( A ) NAME/KEY: Modiued-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /lahch-Modillcd siu: 
/ notc^nitynunc hcicrocyclc b attached to 
N-acayl(2- aminoclnyl)giycinc through the N-acctyl 
group ai position 1 of the hetcrocyclc" 

(ix) FEATURE: 

( A ) NAME/KEY: Modificd-siie 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /libcl=ModiGcd rite 
/ noic=*Thyniinc hcicrocyclc is attached to 
N-acciyl(2- amtnoethyOglycuic through the N-acciyl 
group al position 1 of the bctcrocyclc" 



(ii) FEATURE: 

{ A ) NAME/KEY: Modified-sitc 
( B ) LOCATION: 4 
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( D ) OTHER INFORMATION: /Iabcl=Modi ficd-rilc 
/ note^Adcninc hclcrocyclc is attached lo 
N-acclyl(2- luninwtoy I) glycine through ihc N- acetyl 
group ai position 9 ol ihc hclcrocyclc." 

( i x ) FEATURE: 

{ A J NAME/KEY! Modiflcd-sitc 
( B ) LOCATION: 5 

< D ) OTHER INFORMATION: /labcl=ModiGcd-sitc 
/ notc=*Thyminc beicrocyclc ij attached to 
N-acctyl (2- nrainocthyl) glycine through ihc N-acctyl 
group at position I of the heterocyclic.*' 



{ i x ) FEATURE: 

( A ) NAME/KEY: Modificd-silc 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /labcl=Modlffcd-sitc 
/ notr="Adcninc hctcrocycic is attached lo 
N-ac«yl(2- aminocthyl)jlycinc through the N-acclyl 
troup el position 9 or ihc hctcrocycic." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-sitc 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /labd«Mj)<Qficd-sitc 
/ not£='ThyTninc hctcrocycic is attached to 
N-acclyi(2- aminoclby I) glycine through ihc N-axlyl 
group at position I of the hctcrocycic," 

{ i * ) FEATURE: 

( A ) NAME/KEY: Modiftcd-ritc 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: /labcl=ModiOcd-siu: 
/ naUr=' Thymine hctcrocycic is Hutched to 
N-acctyl(2- aminoahyl)glycinc through the N-acctyl 
group at position 1 of the hctcrocycic." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-titc 
( S ) LOCATION: 9 

{ D ) OTHER INFORMATION: /labcfcModificd-siie 
/ noic="CytoJux hctcrocycic is attached to 
N-acctyl(2- aminocihyDglycixic through the N-acctyl 
group ai position 1 of the hclcrocyclc." 

( i x ) FEATURE; 

( A ) NAME/KEY: Modiacd-iitc 
( B ) LOCATION: 10 

C D ) OTHER INFORMATION: /I abd= Modified- sue 
/ notc= M Cyu>iinc hctcrocycic is ouached to 
N-acctyl(2- ajnuiucihyliglycinc through the N-acctyl 
group at position I of ihc hclcrocyclc" 

( i x ) FEATURE: . 

( A ) NAME/KEY: Modiiicd-rftc 
( B ) LOCATION: II 

( D ) OTHER INFORMATION: /1abcl=Modiric4-silc 
/ notc="Gu»ninc hcierocycb is attached to 
N-aectyL(2- aminocthyl) glycine thruugb the N-acciyt 
group at position 9 of ihc hctcrocycic." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified-*!* 
{ B ) LOCATION: 12 

{ D ) OTHER INFORMATION: /labd=Modificd-sius 
/ notc=c'Thyminc hctcrocycic is attached 10 
N-aeciyl(2- anunocthyDglyeinc thiougb the N-acctyl 
groop at position 1 of ihc hctcrocycic" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-silc 
( B ) LOCATION: 13 

( D ) OTHER INFORMATION: /labc^Modifted-stlc 
/ noic="Cyioiinc hclcrocyclc is attached to 
N-acclyl(2- amtaocthyljglycinc ih rough ihc N-acctyl 
group at position 1 of the hctcmeycle," 



( t x ) FEATURE: 

( A ) NAME/KEY: Modificd-iite 
( B ) LOCATION: 14 
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( D ) OTHER INFORMATION: /labcfc=Modilicd-sil£ 
/ notc^Adcninc hctcrocyclc is ituchcd lo 
N-acciyl(2- uninocihyl) glycine through the Naccty] 
group at poiiiion 9 of ihc hctcrocyclc." 

( i it ) FEATURE: 

( A' ) NAME/KEY: Modificd-jitc 
( B ) LOCATION: 15 

( D ) OTHER INFORMATION: /label=Modilicd-iiic 
/ notc="Thyminc hctcrocyclc is attached lo 
N-accly1(2- unirocUiy I) glycine through the N-icctyl 
group at position 1 of the bcicrocyclc.'' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 16 

< D ) OTHER INFORMATION: /hbd=Modificd-sitc 

/ notc='*Cyiojirc hclcrocyclc is attached to 
N-acciyl(2- uninocihyOglycinc through lie N- acetyl 
group u position 1 of the hctcrocyclc.'* 

( i x ) FEATURE: 

( A ) NAME/KEY: ModUicd-siic 
( B ) LOCATION: 17 

( D ) OTHER INFORMATION: /UbcI-ModiGcd-silc 
/ noiC3"Ou&ninc bctcrocyclc is auacbed to 
N-»cctyl(2- irainocihyOglycinc through Lhc N-icctyl 
group ai position 9 of the hcicrocyxJc" 

( i x J FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: IS 

( D ) OTHER INFORMATION: /labcl=Modificd-six 
/ notc*"Cyiasinc bcicrocyclc is auacbed to 
N-acctyl(2- imiiiocihyijglycinc through the N-icctyl 
group ai position 1 of the bctcrocyclc." 

(ix) FEATURE: 

( A ) NAME/KEY: Modificd-siic 

< B ) LOCATION: 19 

< D ) OTHER INFORMATION: /labcl-Modificd-siu; 

/ noic=Thyminc bctcrocyclc is attached to 
N-acciyl(2- irainoc'JjyiJgtycinc through the N-acctyl 
group it position 1 of the bctcrocyclc," 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 20 

( D ) OTHER INFORMATION: /lahc]=Modiflcd-iitc 
/ noic^*Cyiosinc bcicrocyclc is amebed lo 
N-icctyl<2- iminocihyl)glycinc through the N-acctyl 
group H position 1 of (be bcicrocyclc." 

{ x i ) SEQUENCE DESCRIPTION: SEQ ID K0:1S: 

Xaa Xaa Xn Xu Xii Xaa Xu Xia Xaa Xaa Xia Xaa Xaa Xaa Xaa Xn 

1 5 10 15 

Xaa Xaa Xaa Xaa Lys 

2 0 



( 2 ) INFORMATION FOR SEQ ID NO:19: 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDED MESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modlficd-site 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION; /labd-Modificd-iile 
/ noic^Xyiculic bctcrocyclc is attached to 
N-acctyl(2- amiwxOiyl)filycinc through the N-acctyl 
group at position 1 of the bcicrocyclc." 
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( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-site 
( 3 ) LOCATION: 2 

( D } OTHER INFORMATION: /Iibcl^Modificd-iilc 
/ notc=*Tbyminc hciLTOcyelc is attached lo 
N-acd'yl(2- aminocthyljglyciiic throogh the N-acctyl 
group a position I of the bsicrocyclc* 



( i x ) FEATURE: 

'( A ) NAME/KEY: ModUicd-sitc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /label =Modifiod-sil£ 
/ notc»"Guaninc hctcrocyclc ts attached lo 
N-acctyl(2- zminocihyDElydnc through the N-acctyl 
group tl posiiion 9 of lie hctcrocyclc." 

( i x ) FEATURE: 

( A > NAME/KEY: Modificd-sitc 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /libd=ModiIiod.jilc 
/ notc=Thyniinc hctcrocyclc is attached lo 
N-icuiyl{2- sminocihyOglydnc through the N-acctyl 
group it position I of the bclcrocycic," 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /Ubcl=Modtficd-silc 
/ nolc"Cyloiinc bclcrocycic xs attached to 
N-icctyt{2- aminxihyDglycinc through ibe N-acwyl 
group tl position I of tic bclcrocycic." 



( A ) NAME/KEY: Modiflcd-site 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /ltbcl=Modilicd-ritt 
/ notcVThyrninc bclcrocycic u attached to 
N-»cciyl(2- anjinnc4byl)j)ycinc through tbc N-accty) 
group it position 1 of the bclcrocycic." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 7 

( D } OTHER INFORMATION: /labcl=Modificd-silC 
/ note^"Cytosinc bcicro cycle is i inched to 
N-acctyl(2- sminucibyDglycinc through the N-acciyi 
group u position 1 of the hctcrocyclc" 



( ix) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: /labctsModificd-sitc 
/ noie*"Cyt03inc hctcrocyclc is attached to 
N-acctyI{2- amtaocihyl) glycine through the N-acctyl 
group at position 1 of the hctcrocyclc." . 



( ix) FEATURE: 

( A ) NAME/KEY: Modifed-sitc 
( B ) LOCATION: 9 

< D ) OTHER INFORMATION: /labcJ=Modi fed- rite 
/ sote^Adcninc hctcrocyclc is attached to 
N-acctyl(2- uninwihyDgiyunc through the N-acctyl 
group at position 9 of the hctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: /labcJ=Modincd-rilc 
/ note -"Thymine hctcrocyclc is mached to 
N-'acctyi(2- am inocthy I) glycine through ihc N-acctyl 
group at posiiion 1 of the hctcrocyclc.'' 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: II 

( D ) OTHER INFORMATION: /lflhd=Modiffcd-ritc 
/ not£»"Cytoiinc hctcrocyclc is itlcchcd to 
N-acctyl£2- &minocibyDglycinc through ihc N-acuyl 
group at position 1 of tbc hctcrocyclc." 
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( i x ) FEATURE: 

( A ) NAME/KEY: ModMcd-rite 

< B ) LOCATION: 12 

( D ) OTHER INFORMATION: /labcl=Modincd-silc 
/ noic="CytMinc hctcrocyelc is attached (o 
N-occiy](> ammocthyljglycine through the N-tcctyl 
firoup at position 1 of the hctcrocyelc." 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modilicd-iilc 
( B ) LOCATION: 13 

< D ) OTHER INFORMATION: /libel ^Modi/ted-sitc 

/ noic="Thyminc hcicrocyclc is attached to 
N-acctyl(2- aminocihyl)filycinc ihroufcu Uic N-acctyl 
group at position I of the hctcrocyelc" 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 14 

( D ) OTHER INFORMATION: /Ubcl=Modilicd-siu: 
/ noie="Cytosiiic hctcrocyelc is aiuchcd lo 
N-acayl(2- aminocihyDglycinc through the N-acctyl 
group il position 1 of the hcicrocyclc" 

{ i x ) FEATURE: 

( A ) NAME/KEY: Modillcd-sitc 
{ B ) LOCATION: 15 

( D ) OTHER INFORMATION: /Ubcl=ModJ/icd-iil£ 
/ nate=^Thyminc bctcrocyclc is aiuchcd to 
N-acctyl(2- irainociljyl)glycinc ihraugh ihc N- acetyl 
group at posiUon 1 of the hcicrocyclc*' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-tilc 
( B ) LOCATION: 16 

( D ) OTHER rNFORMATlON: /labcleModificd-iilc 
/ noto= i Tbyminc hctcrocyelc tl attached to 
N-acclyl(2- uninoclhyljglycinc through & c N- acetyl 
group ai position 1 of the bcirrocyclc.** 

( i x ) FEATURE; 

( A ) NAME/ KEY: Modiled-silc 
( B ) LOCATION: 17 

( D ) OTHER INFORMATION: /labcl=Modincd-jlic 
/ noice^Cytostnc hctcrocyelc u attached to 
N-acciylO aminocihyDglycinc ihrougb the N-icctyl 
group ai position 1 of the hctcrocyelc'* 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 18 

( D ) OTHER INFORMATION: /labcl=Modincd-iiic 
/ no t=" Adenine bcicrocyclc is iLochcd lo 
N-*cctyl(2- unincctbyDglycinc through the N-acctyl 
group at position 9 of the hctcrocyelc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-sitc 

( B ) LOCATION: 19 - 

( D ) OTHER. INFORMATION: /UtefeModificd-siu: 

/ note^Cytosinc hctcrocyelc is attached to 

N-icctylf> aminocthyflgtycaac tfaroo|b the N -acetyl 

group ai position 1 of the hctcrocyelc'* 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifled-sitc 
( B ) LOCATION: 20 

( D > OTHER INFORMATION: /labct=Mndifted-siic 
/ nofcVThyminc hctcrocyelc is aiuchcd to 
N-acctyl(2- aminoctbyljgtyeinc through the N-acctyl 
group u portion 1 of the hcicrocyclc" 

{ x i ) SEQUENCE DESCRIPTION: SEQ ID NO:19: 

Xaa Xaa Xu Xn Xu Xti Xu Xaa Xaa Xas Xis Xia Xaa Xaa Xaa Xi 

1 5 10 is 



X 
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( 2 ) INFORMATION FOR SEQ ID NO:2ft 

{ i ) SEQUENCE CHARACTERISTICS'. 

{ A ) LENGTH: 21 amino acids 
( B ) TYPE; amino acid 
( C ) STRAND EDNESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: ModiBed-site 
( B ) LOCATION: I 

( D ) OTHER INFORMATION: /Ubcl»Modi&d-sitc 
/ notcs'Thyininc bcicrucyclc is uuehed w 
N-acctyl(2- amino ahyl)glycinc through Ihc N -acetyl 
group si position I of the bctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /lebcl-Modi&d-sitc 
/ notc="Adcninc hctcrocyclc is attached to 
N-acclyl(2- aminocthyOglyciric through the N-acctyl 
group at position 9 or the batcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /]abcl=Modi£bd-siic 
/ note^Tbyrniflc bctcrocyclc Is attached to 
N-actiyI(2- aminoclbyOstycinc through the N-acctyl 
group at position 1 or the bctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: * 

( D ) OTHER INFORMATION: /lahclaModifksd -site 
/ note- Thymine hcirrocyclc is tuacbed to 
N-acctyl(2- aramoclhyl)glyctnc through ihc N-acctyl 
group at position 1 of the bctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /lahcl-ModiTcd sitc 
/ nO£="Cyiotinc bctcrocydc is attached to 
N-aco.yl(2- irainoetny!)glycinc through the N-acctyl 
group al position 1 of the bctcrocyclc," 

( i x ) FEATURE: 

C A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: A 

( D } OTHER INFORMATION: /labcl=Mooofic4-sitc 
I notc=*"Cyloiinc bcicrocyctc is auacbed to 
N-acciyl{2- arrirtoc%I)glycinc through the N-acctyl 
group al position 1 of the be le recycle" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /labcl-Modifcd-alc 
/ oote=* 4 0u«ninc bcicrocyctc is auacbed to 
N-acciyl(2- aminodhyOglycinc through the N-acctyl 
group at position 9 of the hctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: ModiBed-sitc 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: /latel»Modtncd-5ttc 
/ notc="Tbyminc brxrocyclc is attached to 
N-acctyl(2- arninocthyOglydnc through the N-acctyl 
group at position 1 of the hctcrocyclc " 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified-sifc 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /labcl=Modificd-£ilc 
/ notc="C>ioiinc bcicrocyclc U attached to 
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N-amyl(2. aminocthyl)glycinc ihrough the N-iccly] 
group at position 1 of ihc hcte recycle." 

( i x ) FEATURE: 

( A ) NAME/KEY; Modificd-sitc 
( B ) LOCATION: JO 

( D ) OTHER INFORMATION: /lahcl-Modincd-jiu; 

/ notc*"Adcninc hctcrocyclc is attached to 
N-acctyl (2- unioocihy I) glycine through the N- acetyl 
group at position 9 of ihc hctcrocyclc." 

( i i ) FEATURE: 

( A ) NAME/KEY: Modificd-iiic 
( B ) LOCATION: 11 

( D ) OTHER INFORMATION: /labcl=Modiiicd-*iu: 
/ nctr= "Thymine hctcrocyclc is attached to 
N-<icclyl(2- amino cthyl)glycinc through the N-acctyl 
group at position 1 of ihc bctcrocydc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 12 

{ D ) OTHER INFORMATION: flabcl=Modificd-siu: 
/ notc="Cytosine hctcrocyclc is attached to 
N-acctyK2- nmiriocthyl)glycirie ihrough the N-acctyl 
group u position 1 of the bctcrocyclc.'* 

. ( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 13 

C D ) OTHER INFORMATION: rtabcUModificd-sitc 
/ notc="Guaninc hctcrocyclc is atucfacd to 
N-acctyl(2- aminocihyl)glycinc Ihrough the N- acetyl 
group al position 9 of the bctcrocydc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 14 

( D ) OTHER INFORMATION: flahcl=Modificd-«ic 
/ notc="Cylojtinc hctcrocyclc is attached lo 
N-acctyl{2- aminccihyljglyanc through (he N-acctyl 
group oi position 1 of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitn 
( B ) LOCATION: 15 

( D ) OTHER INFORMATION. /labcl=Modincd-Mtc 
/ notc="Thyminc hctcrocyclc it attached to 
N-acctyl (2- arninocthyOglydnc ihrough the N-acctyl 
group it position 1 of the bctcrocydc*' 

( i x ) FEATURE: 

< A ) NAME/KEYi Modiflcd-slic 
( B ) LOCATION: 16 

( D ) OTHER INFORMATION: /labcfeMocti£cd-sttc 
/ notcsXytosirc bacrosidc is attached to 
N*acctyl(2- aminocihyi)glycinc through the N-acctyl 
group at posiuoo 1 of the hctcrocyclc. " 

( i x ) FEATURE: 

( A ) NAME/KEY: ModUicd-silc 
( B ) LOCATION: 17 

( D ) OTHER INFORMATION: /labcl=Modificd-siic 
/ notc="Cyiostnc hctcrocyclc is attached to 
N-acctyl(2- wnmocthyOglyanc through the N-acctyl 
group at position I of the be icro cycle** 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
C B ) LOCATION: 11 

( D ) OTHER INFORMATION: /labd=Modified-silc 
/ notc^TfaymtDc hctcrocyclc is attached to 
N-acclyl(2- araiiiocthyOglycinc through the N-acctyl 
group at position 1 of ihc bcicrocyclc*' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 19 

( D ) OTHER INFORMATION: /Wicl=Malificd-sitc 
I noic="Cyiosinc hctcrocyclc is auached io 
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N-acctyl (2- aminoclhyl) glycine through the N-acctyl 
Eroup at position 1 of ihr hctcrocyclc.'* 

( i i ) FEATURE: 

( A ) NAME/KEY: Modificd-iiic 
( B ) LOCATION: 20 

( D ) OTHER INFORMATION: /labcl-Modiflcd-silc 
/ no«c=" Adenine hcicrocyclc a allicbcd to 
N-aectyl(2- aminoclhy I) glycine through the N-acctyl 
group at position 9 or the bcteroeyclc" 

(»i) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

Xn Xaa Xu Xtt Xu Xu Xii Xai Xu Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

I 5 10 15 

Xaa Xaa Xaa X" a a Lyi 

2 0 



( 2 ) INFORMATION FOR SEQ ID NO:2t: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 amino acids 
( B ) TYPE: amino acid 
( C ) STRAND ED NESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE; peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: Motfificd-sitc 
{ B ) LOCATION: I 

( D ) OTHER INFORMATION: /labcl=Modificd-siie 
/ note* "Cylo sine hclerocyclc ii attached u> 
N-acclyl(2- aminocthyUglycinc through the N-acctyl 
group at position 1 of the hcicrucyctc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-siic 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /lartti=Modificd-aiu: 
/ notc=Xyiosinc hctcrocyclc is attached to 
N-acctyl(2- nmisoctbyl)glyctnc through the N-occtyl 
group at position 1 or the bclcrocyclc." 

( i x } FEATURE: 

( A ) NAME/KEY: Mctfified-siic 
( B ) LOCATION: 3 

{ D ) OTHER INFORMATION; /labcl=Modificd-jitc 
/ notcsXytoxinc hcicrocyclc U attached to 
N-occtyt(2- anriaocthyl)glycinc through the N -acetyl 
group al position 1 of the bclcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifial-Slic 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /labct^Modirkd-sitc 
/ nwc="Cytosinc hctcrocyclc is attached 10 
K-ncctyl(2- amioocthyI)glycino through the N-acctyl 
group at position 1 of the hctcrocyclc. " 

(in) FEATURE: 

( A ) NAME/KEY: Modiflcd-iltc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /labd=Mooificd-sitc 
/ notBsXytoslne hctcrocyclc is attach cd to 
N-acelyi{2- amioocthyOglyernc through the N-acctyl 
group at position 1 of the hcicrocyclc." 

( i x ) FEATURE: 

{ A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 6 

< D ) OTHER INFORMATION: /lahc^Modificd-sitc 
/ notc="Adcninc hctcrocyclc U altaehcd to 
N -acetyl (2- amrnoclhyI)glycfae through the N-acctyl 
group at position 9 of the he l£ roc yet." 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 



5,539,082 

149 150 

-continued 



C B ) LOCATION: 7 

( D ) OTHER INFORMATION: /labcl=Modificd-silc 
/ wxc="Cyt0slnc bcicrocyclc is attached in 
N- acetyl (2- aminoclhyDglycinc through the N-acetyl 
Rroup at posilioa 1 of the hcicrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-siic 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: /labc]=Modir«:d-iilc 
/ notr=:"CylMinc hclcrocycLc is attached lo 
N-acclyl(2- aminocthyl)glycinc through the N-acclyi 
group ai poiiiion 1 of ihc bcicrocyclc." 



< i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /labcfcModified-sitc 
/ notc=" Adenine hctcrocyclc u attached to 
N-aectyi(2- anrinocihyl)glyeinc through ihc N-acciyl 
group ai position 9 of the hcterocyclt" 

( i i ) FEATURE: 

{ A ) NAME/KEY: Modificd-iite 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: /labcl=Modiftcd-siic 
/ notc="Cyloooc hctcrocyclc is attached lo 
Nacctyl(2- anrinoctbyl) glycine through the N-accty] 
group at position 1 of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: ModiBcd-rilc 
( B ) LOCATION: II 

( D > OTHER INFORMATION; flabcUModificd-siu: 
/ notcs^Thyminc hctcrocyclc is attached to 
N-ncctyl(2- aminocthyOglycinc through ihc N-acclyl 
group ai position 1 of the hctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-silc 
( B ) LOCATION: 12 

( D ) OTHER INFORMATION: /labcI=Modificd-siic 
/ notc=*Tbyminc hctcrocyclc is aiuchcd to 
N-acclyl(2- aminocthyOglycinc through the N-acclyl 
group ai position 1 of the hctcrocyclc." 

( i i ) FEATURE: 

( A ) NAME/KEY: Modified- site 
( B ) LOCATION: 13 

( D ) OTHER INFORMATION: /label =Morfiftcd- tile 
/ notc="CyioiiDC bcicrocyclc is attached lo 
N-occlyl(2- aminoclbyl)glycinc through the N-acclyl 
group u position 1 of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-iite 
( B ) LOCATION: 14 

( D ) OTHER INFORMATION: /libcl=Modiflcd-iItc 
/ notcsrCytosiac hctcrocyclc it aiuchcd to 
N-acctyK2- aminoclhyl)glycinc through the N-acclyl 
group u position 1 of the bcicrocyclc.'* 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifcd-Sitc 
( B ) LOCATION: 15 

( D ) OTHER INFORMATION: /Ubcl=ModiflaJ-dic 
/ nac="Cyiosine hctcrocyclc u aiuchcd to 
N-Qcctyl(2- aminccihyDjljcinc through the N-acclyl 
group at position 1 of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modlflcd-silc 
( B ) LOCATION: 16 

( D ) OTHER INFORMATION: /Ubcl»Modificd-iiic 
/ notc="Cytosmc hctcrocyclc ii attached to 
N-acety[(2- anunocihyl)glycinc through ihc N-acclyl 
(roup at position 1 of the hctcrocyclc* 



( i x ) FEATURE: 

( A ) NAME/KEY: Modifled-sitc 
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( B ) LOCATION: 17 

( D ) OTHER INFORMATION: /labcl=Modiftcd-sitc 
/ notr-'Thyminc hctcrocycic is attached to 
N-acclyl(2- aminocthyl) glycine through the N- acetyl 
group at position I of the hctcrocycic" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-ritc 
( B ) LOCATION: 18 

( D ) OTHER INFORMATION: /labc^Modiflcd-sitc 
/ notc="Cytosiiic hctcrocycic is attached to 
N-acctyl(2- aminocihyDjlycinc through the N-tcctyl 
group at position 1 of the hcicrocyclc." 

(ii) FEATURE: 

( A ) NAME/KEY: Modificd-site 
( B ) LOCATION: 19 

( D ) OTHER INFORMATION: flahcfeModi Red-site 
/ notca'Tbymioc hctcrocycic is attached to 
N-acctyt(2- aminocihyl)glycinc through the N-tcctyl 
group at poiilion 1 of the hctcrocycic." 

(it) FEATURE: 

( A ) NAME/KEY: Modificd-sil£ 
( B ) LOCATION: 20 

{ D ) OTHER INFORMATION: /labc)=Modificd-silc 
/ note -"Cyto sine hctcrocycic is attached to 
N-acciyl(2- aniinacthyllglycinc through the N-icciyl 
group al posilion 1 of the hctcrocycic." 

( i i ) SEQUENCE DESCRIPTION: SEQ rD NO:2l: 

Xaa Xaa Xaa Xaa Xat Xaa Xu Xu Xu Xaa Xu Xaa Xu Xaa Xa 

I 5 10 15 

XaaXaaXaaXaa 

2 0 



( 2 ) INFORMATION FOR SEQ ID NO:22: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 ami no acids 
( B ) TYPE: amino acid 
( C ) STRAKDEDNESS: single 
{ D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i « ) FEATURE: 

( A ) NAME/KEY: Modified-iitc 
{ B ) LOCATION: 1 

{ O ) OTHER INFORMATION: /l*bcl=Modificd-siic 
/ not£*"Cytojinc hctcrocycic is attached to 
N-acciyl(2- aminocihyljglycinc through the N'-aeciyl 
group at poiilion 1 of the hctcrocycic." 

( i i ) FEATURE: 

( A ) NAME/KEY: MocSficd-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /labcbModificd-sitc 
/ notc-Thymioc hctcrocycic is attached to 
N-acctyt(2- amino ctnyOglycric ihrough the N-tcctyl 
group at position I of the hctcrocycic." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified- etc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /label=ModiHcd-sitc 
/ notc** , Guaninc hctcrocycic U attached to 
N-acctyl(2- aminocihyDglycinc ihrough the N-acciyl 
group at position 9 of the hctcrocycic." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified- jitc 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /labd=Modificd-jile 
/ notc-"Cyloiinc beterocyclc is attached to 
N-acciyl(2- arainocthyDglycinc through the N-acctyl 
group at potiubn 1 of the beterocyclc." 
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( i x ) FEATURE: 

( A ) NAME/KEY: Modircd-site 
( 8 ) LOCATION: 5 

( D ) OTHER INFORMATION: /Ubcl=Modified-al£ 
/ nott?s"Thyininc hctcrocyclc is attached lo 
N-acctyl(2- «ninoclhy])glycinc through the N-acctyl 
group at position ] of the bctcrocyclc." 

( i i ) FEATURE: 

( A ) NAME/KEY; Modificd-iilc 
( fl ) LOCATION: 6 

( D ) OTHER INFORMATION: nabcl=»Modificd-silc 
/ »oic="Ouanine bctcrocyclc' is attached lo 
N-acctyI(2- iminocthyl)glycinc through the N-acctyl 
group at position 9 or ibe bctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-iilc 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /l&bcl=Modificd-jit£ 
/ nOLcss"Cyiosmc hcicrocyelc is attached to 
N-acetyl(2- aminccthyljglyciric through the N-icctyl 
group at position 1 or the hctcrocyclc. ** 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 8 

( D ) OTHER INFORMATION: flibcl=Modincd-»tc 
/ noic="Cytosine hctcrocyclc is attached to 
N-acctyl(2- aminocthyl)glycinc through the N-icctyl 
group at position 1 of the bctcrocyclc. n 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-iilc 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: mbcl=Modincd-sitc 
/ nmc='Thyminc hctcrocyclc is attached to 
N-accly](2- iminocthyl)glycioc through the N-acctyl 
group at position 1 of the bctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: /labcl=Modficd-sitc 
/ notc="Cyiosinc hctcrocyclc is auicbcd to 
N-acctyl(2- amtnoelhyl}gIycinc through the N-acctyl 
group at position 1 of the hctcrocyclc.'* 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifjcd-siic 
( B ) LOCATION: Jl 

( D ) OTHER INFORMATION: /label-Modifcd-sitc 
/ notc='Thyrninc hctcrocyclc is auacbed to 
N-aectyl(2- amtnodhyl)glyctne through the N-acctyl 
group at position 1 of the bctcrocyclc.** 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( 8 ) LOCATION: 12 

( D ) OTHER INFORMATION: flahcl-Mocaficd-sitc 
/ notc="Guaninc hcicrocyelc is attached to 
N-tcctyl(2- ambocihyl)glyctac through the N-acctyl 
group at position 9 of the hctcrocyclc.** 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 13 

( D ) OTHER INFORMATION: flabct=Modificd-jiu: 
/ not£="Thyminc bctcrocyclc is attached to 
N-acclyl(2- aminoelhyl)glyeinc through the N-acctyl 
group at position 1 of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
< B ) LOCATION: 14 

( D ) OTHER INFORMATION: /labcl-Modified-sitc 
/ nac="Cyiosinc hctcrocyclc is attached lo 
N-*cclyI(2- aminocthyOglycinc through the N-acctyl 
group ai position 1 of the bctcrocyclc'* 
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( i * ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 15 

( D ) OTHER INFORMATION: /lohct-Modificd-site 
/ notc='Tbyminc hcuxocyclc is aiLachcd to 
N-acciyia- aminocihyOglyctnc through the N-acctyi 
group u poiition 1 of ihc hctcrocyclc" 

(is) FEATURE: 

( A ) NAME/KEY: ModiGcd-jitc 
( B ) LOCATION: 16 

( D ) OTHER INFORMATION: /labcKModificd-ritc 
/ notc="Cylosinc hctcrocyclc is attached to 
N-acclyl(2- aminocthyDglyeine through the N-acctyl 
group u poiition 1 of the hctcrocyclc." 

C i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 17 

( D ) OTHER INFORMATION: /lahcJ=Modificd-siic 
/ Dotc="Adc[iinc hctcrocyclc is attached to 
N-acciyl(2- aminocthyljglyeinc through the N-acctyl 
group at position 9 of the hctcrocyclc." 

(is) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: IS 

( D ) OTHER INFORMATION: /]abcl=Modificd-sil£ 
/ notc=**Guaninc hctciocyclc is atU cb cd to 
N-acctyl(2- aminoclbyl) glycine through the N- acetyl 
group at position 9 of the hctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modiflcd-site 
( B ) LOCATION: 19 

( D ) OTHER INFORMATION: /Inbcl-Modificd-sitc 
/ notc^Xjuaninc hctcrocyclc is attached to 
N-acelyl(2- aminocihyl)glycinc through the N-acctyl 
group u position 9 of the hctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 20 

( O ) OTHER INFORMATION: /labcfeModifkd-sitc 
/ notc^Thyminc hctcrocyclc is attached to 
N-acctyl(2- aminoclhyOglycinc through the N-acctyl 
group at poiition I of thr hcxrocydc." 

( x i ) SEQUENCE DESCRIPTION: SEQ CD NO:22: 

Xaa Xit Xaa Xaa Xaa Xaa Xaa Xai Xu Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

1 5 10 15 

Xaa Xaa Xaa Xaa Ly s 

2 0 



( 2 ) INFORMATION FOR SEQ ID NO:23: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH 12 amino acids 
( B ) TYPE: amino acid 
( C ) STRAND EDNESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: I 

( D ) OTHER INFORMATION: /labcl»Mocfificd-»lc 
/ noic=Thyimnc hctcrocyclc Is attached to 
N-*cctyl(2- tminocthyl)glycinc through the N-acctyl 
group al position 1 of the bdcrocyclc." 

(ii) FEATURE: 

( A } NAME/KEY: Modificd-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: nand-Modificd-iitc 
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/ notr="Thyminc bcicrocyclc is attached to 
N-Dcetyl(2- aminoethyljglycinc through the N-acctyl 
{roup at position J of He hctrmcyclc" 

( i i ) FEATURE: 

( A ) NAME/KEY: Modified- site 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /]abct=Modified-iilc 
/ note='ThyTninc hetcrocyclc is attached to 
N-acclyl(2- aminoclhyl) glycine through the N-acctyl 
group ai position I of the hetcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-ii It 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /labcl=Modificd-siic 
/ noie»'Thyminc bcicrocyclc ii attached to 
N*aeciyl(2- aminocLhylJglyrini ihrougb the N-acayl 
group at position 1 of the be t£ recycle." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /]abd=Modificd-silc 
/ notc="Bct& isofonn of alanine/* 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /Ubcl=Modified-sitc 
/ notCJs"Cy twice hetcrocyclc is a inched to 
N-acciyl(2- aminocthytjglyrinc through the N-aceiyl 
group ai position 1 of the belt recycle." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: Hand-Modi ficd-six 
/ notc="Thytninc hetcrocyclc is attached to 
N-acayl(2- aminocthyljglyciac through the N-acctyl 
group at position I of the hetcrocyclc." 

( i » ) FEATURE: 

( A ) NAME/KEY: Modifcd-silc 
( B ) LOCATION: 8 

( O ) OTHER INFORMATION: flabct=Modi£cd-silc 
/ do tc='*Th yminc hcicxucyclc is aiticbcd to 
N-acctylC2* iminocLhyi)glycinc through the N-acctyl 
group ai position 1 of the hctcrocyclc H 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /libcl-ModiOcd-sitc 
/ notc= 'Thymine hetcrocyclc is atUchcd to 
N-accty)(2- aminodhyOglycine through the N-acctyl 
group ai position 1 of the hetcrocyclc," 

( 1 x ) FEATURE: 

( A ) NAME/KEY Modificd-sitc 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: /labd-Modificd-site 
/ nc^Thyminc hetcrocyclc is aiiacbcd to 
N-acctyl(2- am inoethyl) glycine through the N-acctyl 
group ai position 1 of the bcicrocyclc.*' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 11 

( D ) OTHER INFORMATION : /libd=Modificd-jitc 
/ tiotc^Tbyminc hetcrocyclc is attached to 
N-tcciyl(2- aroinoctbyOglycinc through the N-acctyl 
group al position 1 of the hetcrocyclc" 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N003: 

Xaa Xn Xaa Xaa Ala Xaa Xn Xaa Xaa Xa 

1 5 10 
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( 2 ) INTORMATION FOR SEQ ID NO:24: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 12 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDED NESS: single 
( D ) TOPOLOGY: unknown 

( i i ) MOLECULE TYPE: peptide 

( i * ) FEATURE: 

C A ) NAME/KEY: Modified-sitc 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /]abcl=Modiricd-siic 
I Qotcs'Thyminc hctcrocyclc is attac h ed to 
N- acetyl (2- aroinoclhyOglycinc through the N-acctyl 
{roup at position t or the bctcrocyclc." 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 2 

( D ) OTHER INFORMATION: /labcl-Modiflcd-silc 
/ noie=*Tbyminc bctcrocyclc is attached lo 
N-acctyl{2- aminocthyOglycinc through the N-acctyl 
group at position t of the hctcrocyclc" 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 3 

{ D ) OTHER INFORMATION: /labct=Modiflcd-sitc 
/ notc=Tbyminc hctcrocyclc is attached to 
N-acclyl(2* aminocthyl)glycinc through the N-acctyl 
group at position 1 of the hctcrocyclc" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /labcNModificd-sitc 
/ notc=*Thyminc hctcrocyclc is attached to 
N-tcciylO aminocthyOglycinc through the N-acctyl 
group at position 1 or the hctcrocyclc.'' 



( i x ) FEATURE: 

( A ) NAME/KEY: Modified- site 
( B ) LOCATION: 5 

( D ) OTHER INFORMATION: /Itbcl=Modificd-sitc 
/ notc="Bcta i so form of alanine" 



( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-silc 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /labclsModificd-sitc 
/ iwtc-'Tbyminc hctcrocyclc is attached to 
N-ac&yl(2- aminocthyOglycinc through the N-acctyl 
group at position I of the hctcrocyclc. n 

(fx) FEATURE: 

( A ) NAME/KEY: Modified -tile 
( B ) LOCATION: 7 

( D ) OTHER INFORMATION: /]abcl=Modificd.$il£ 
/ notc«'Thyminc bctcrocyclc is attached to 
N-acctyl(2- aminocihyOgiydnc through the N-acctyl 
group ai position I of the bcterccyel&" 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sitc 
( B ) LOCATION: B 

( D ) OTHER INFORMATION: /labclsModificd silc 
/ notc-Thymmc bctcrocyclc is attached to 
N-tcciyl(2- aminocthyOglycinc through the N-acctyl 
group at position 1 of the bctcrocyclc." 

< i x ) FEATURE: 

( A ) NAME/KEY: Modified- site 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /labefeModiftcd-ritc 
/ Dotc=Tbymtnc bctcrocyclc is attached to 
N-acctyl (2- aminocthyDclyctnc through the N-acctyl 
group at position I of the hctcrocyclc.'' 
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( i x ) FEATURE: 

( A ) NAME/ KEY: Modificd-iiic 
( B ) LOCATION: 10 

( D ) OTHER INFORMATION: /labcl=Modificd-silc 
/ note="Tbynjine facicrocyclc is attached io 
N-atxtyl(2- aminoclhyl)glycinc through the N-acciy! 
group u position 1 of the bct£rocycle." 

(is) FEATURE: 

{ A ) NAME/KEY: Modificd-jitc 
( B ) LOCATION: II 

( D ) OTHER INFORMATION: /labch-Modificd-jilc 
/ notc="Thyminc hctcrocyclc is attached io 
N-acetyl(2- iminocthyOglycinc through the N-acclyl 
group 01 pojiuon I of the bctcrocyclc," 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:24; 



X a a 
1 



X a a X a a X a a 



A I a 

5 



Xaa Xaa Xaa Xaa 



X a i 

1 0 



Xaa L y j 



What is claimed is: 

1. A compound having the formula: 



Lvn xch 2 )/ 

o [rt| h 



Lnv tchj)/ 



-(ch 2 ; 




(CH 5 ) W 



R r 



wherein: 

each L is independently selected from the group consist- 
ing of hydrogen, phenyl, heterocyclic moieties, natu- 
rally occurring nucleobases, and non-naturally occur- 
ring nucleobases; 

each R 3 is independently selected from the group con- 
sisting of hydrogen, (C,-C,)alkyl, hydroxy- or alkoxy- 
or alkylthio-substituted (C^-CJalkyl, hydroxy, alkoxy, 
aikylthio and amino; 

each R 7 ' is independently selected from the group con- 
sisting of hydrogen and the side chains of naturally 
occurring alpha amino acids; 

n is an integer from 1 to 60, 

each k, 1, and m is, independently, zero or an integer from 

1 to 5; 
each p is zero or 1 ; 
R h is OH, NH 2 or — NHLysNH 2 ; and 



20 



30 



40 



45 



50 



55 



2. A compound having the formula: 
L >[CH 2 ) i 

H 



>CCH 2 ), 



O^NR3 
~(CH 2 )^ _ _N ^ (CH 2 ) m 




R 7 ' 



NH— R l 



wherein: 

each L is independently selected from the group consist- 
ing of hydrogen, phenyl, heterocyclic moieties, natu- 
rally occurring nucleobases, and non-naturally occur- 
ring nucleobases; 

each R 3 is independently selected from the group con- 
sisting of hydrogen, (C,-CJalkyl, hydroxy- or alkoxy- 
or alkylthio-substituted (Cj-CJalkyl, hydroxy, alkoxy, 
alky Ithio and amino; 

each R 7 ' is independently selected from the group con- 
si sung of hydrogen and the side chains of naturally 
occurring alpha amino acids; 

n is an integer from 1 to 60, 

each k, 1, and m is, independently, zero or an integer from 

1 to 5; 
each p is zero or 1; 
R* is OH, NH 2 or — NHLysNH^; and 
R' is H or COCH,. 
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3. A compound having the formula: 



HO (CH 2 )j 

71 
o 



L >tCH 2 ), 
O^NR3 



K m 7 



10 



wherein: 

L is independently selected from the group consisting of 
hydrogen, phenyl, heterocyclic moieties, naturally 
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occurring nucleobases, and non-naturally occurring 
nucleobases; 

R 3 is selected from the group consisting of hydrogen, 
(Cp-CJ alkyl, hydroxy- or alkoxy- or alkylthio-sub- 
stituted (C t -C 4 ) alkyl, hydroxy, alkylthio and amino; 

each R 7 is independently selected from the group con- 
sisting of hydrogen and the side chains of naturally 
occurring alpha amino acids; 

k, 1, and m are, independently, zero or an integer from 1 

to 5; and 
p is zero or 1. 



